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CL15FT PALATE 

George i\I. Dorr.\.xce, axd John W. Br.vnsfield, AI.D. 

Pnii.Ai)i:i.rniA, Pa. 

In 1925, Dorrancc propo.sed the so-called “push-back” operation. This 
operation was devised to obtain complete velopharyngeal closure — a condi- 
tion essential in any cleft palate o])eration to assure a normal voice control. 
In 1927, he emphasized . the fact that early cleft palate opei'ations, i.e.j 
before the fourth year, freciuently failed in whole or in part. We have 
frequently stated that patients upon whom three or four operations were 
necessary to obtain closure of the cleft palate have hard, fibrous, inflexible 
palates. This invariably leads to poor phonation. 

We felt at that time (1927) that there were quite a few cases where 
the palate could not be brought back to the posterior wall of the pharynx. 
With passing years, this group has been greatly reduced. 

While we are sure that the “j)ush-back” operation overcame one of the 
chief faults of the standard cleft palate operations, vie., a short palate, we 
were keenly aware that perfection had not been obtained. The hole left in 
an anterior palate in complete clefts or in unilateral lip-jaw splits, even 
when a good fitting plate was used, was an affront to the surgical mind. 

Progress was made, from time to time, by varying procedures — some of 
them previously proposed by other surgeons and others devised or modified 
by us to conform with problems occurring in the “push-back” operation. 
We are reporting on two distinct additional procedures, both of which, 
during the past five years, have given very satisfactory results. 

The first of these is the use of the mucoperiosteum of the vomer. We 
find that Lannelongue, in 1872, was the first to utilize a portion of the 
vomerine mucoperiosteum to close off the nose from the oral cavity. He 
dissected the mucoperiosteum, leaf-like, from one side of the vomer, and 
sutured the free end under the palatal mucoperiosteum. Veau sutures the 
vomerine flap to the nasal mucous membrane and covers part of the mucous 
membrane with a palatal flap. In the light of our experience, we find it is 
much easier, and surer, to obtain raw surface-to-raw surface by suturing 
the vomer flap under the palatal tissue (Figs, i, 2, 3 and 4). We see no 
advantage in adding a palatal flap, as it complicates later operations. 

The value of vomer flap procedure in “push-back” operations was ob- 

1 




riG. 3 




Tig. 3-' 
riG. 4 


T-iG. 4- 


-Transverse 

-Suturing 



flap. 

nsplantations. 



dorrance and bransfield 


Annals of Surccry 
January, 1943 




Volume 117 
Number 1 


CLEFT PALATE 


vious and if, in addition, we could fill up the cavity formed with granula- 
tion tissue, we would greatly enhance the operation. This was achieved by 
packing the area with iodoform gauze, and holding it in place, as shown 
in Figure lo. In double, complete cleft palate. Pickier advised the double 
vomerine flap. We have used this, extending the flaps further anteriorly. 
We have had no failures in obtaining a granulating surface, which usually 
fills in flush with the palatine bones (Figs. 2 to 10 inclusive). 

The second addition to the original “push-back’’ operation is the lining 
of the palatal mucoi^eriostenm flap with a Thiersch or split-skin graft: 
A split- or Thiersch skin graft is sutured in place under each flap raw sur- 
face-to-raw surface (Figs. 17, ]8. 20. 23. and 28). .Since adopting this pro- 
cedure. crust formation has been diminished. The contracture of flaps 
when finally displaced backward in the second stage is either completely 
eliminated or greatly minimized. In order to assure a take, pressure on the 
flap is necessary. This is accomjflished l)y placing iodoform gauze over the 
flaps. The gauze is maintained at a constant fixed pressure by strands of silver 
wire inserted between the posterior teeth and then carried across the palate 
to pass between the last two teeth on the 0 ])] 50 site jaw; the ends are then 
carried across the mucous membrane above the incisor teeth ; the ends of 
the wire are twisted together and bent back across the palate, being held 
in place under the horizontal wire which passes between the posterior 
teeth (Fig. 10). In our last 10 cases we have substituted a splint designed 
for us by Dr. P. Gross. It is described in the American Journal of Ortho- 
dontia and Oral Surgery, September, 1942. The wire and gauze are removed 
in 10 to 12 days. 

While each cleft palate requires special modifications of technic, one 
can outline specific procedures which will be applicable to each type com- 
monly met with : 

TYPE I COXGEMT.Mi SUH.AIUCO.^^AE OU C’ONGEMTAL INSUFFICIENCY 

OF THE PALATE AND CLEFT OF THE SOFT PALATE 

The shortening in these types of cleft palate is almost invariably due to 
a deficiency of the horizontal plate of the palate bone (Fig. ii). Since 
the soft palate is attached by the palatine aponeurosis to the shortened 
horizontal plate, the shortening is in direct proportion to the bony deficiency. 
Obviously, the simple repair of any cleft in the soft palate cannot have the 
slightest efl'ect in accomplishing velopharyngeal closure. 

We advise, and routinely carry out, the following procedures: (i) AVe 
attempt to find the amount of bone deficiency by the insertion of a needle 
at various points, as shown in Figures 12, 13 and 14. (2) In all cases, 

we perform the two-stage “push-back” operation. 

FIHST STAGE OF THE “pUSII-BACIv” OPERATION 

The first stage consists of raising the flap by Method A, Fig. 15, or B, Fig. 
19. Method A is selected if we are dealing with a fairly normal, well-de- 
veloped flap with adequate blood supply. In these cases, the palatine vessels 
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Fig. — Demonstrating the method of elevating and suturing the vomer flap in double lip-jaw 
palate cleft. 

Fig. 8. — Completed double vomer flap in double lip-jaw palate cleft. 
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are divided (an absolute necessity to obtain sufficient backward displace- 
ment). When the flap is raised, a skin graft is sutured in place on the pala- 
tine niucoperiosteum, as shown in Figures i6, 17, and 18. The flaps are 
returned to their bed and the edges sutured. In some cases where the palatine 
mucosa is thin, or where a considerable bony defect is present, or where the 
blood supply does not appear to be adequate. Method B is employed (Fig, 
19). In those cases, the palate is raised, leaving a bridge of undivided tissue 
to insure blood supply. The remaining portion of the flap is freed completely 
from the bone and the palatine arteries are divided, as in Method A. The 
flaps are then sutured back in their normal position. 

We have noted that the flaps thicken appreciably following this pro- 
cedure. If, when the second stage is being performed, we find the flaps 



Fig. 9.^ — Final re.sults of tlic vomer flap in bilateral lip-jaw palate cleft. 

are not of sufficient thickness, we raise them and again replace them and 
wait for another four or ten weeks before elevating and placing the skin 
grafts, after the method outlined above. 

We deliberately avoid using the nasal mucous membrane, because in 
performing the second stage of the “push-back’' operation it is necessary 
to divide the nasal mucous membrane and aponeurosis at its attachment 
to the bone, thus leaving a raw area. If the nasal mucous membrane is not 
divided, complete velopharyngeal closure will not be obtained in many cases 
because the muscles responsible for this closure will not be restored to their 
normal position. 

SECOND STAGE OF THE “PUSH-BACIC” OPERATION 
A flap is raised through the former incision, the nasal mucous membrane 
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being divided from the posterior bony palate (Fig. 20). The hamular 
process is then divided, thus transposing the tensor palati muscle from a 
tensor to an elevator muscle. The incision is continued around the tuber- 
osity of the maxilla and over the pterygomandibular fold, freeing the palate 
from all bony attachments. 

The uvula now rests on the posterior pharyngeal wall. The anterior 
portion of the flap is sutured to the fibrous membrane at the apex of the defect, 
and is also immobilized by passing one or two aluminum-bronze wires first 
through the bony palate, then through the apex of the flap on either side 
of the midline. Each wire is then twisted until the flap is held securely; 
the ends of the wire are then bent back, thus preventing any injury to 
the flap and tongue (Fig. 21). 

The bony palate and lateral sulci, now devoid of their covering as a 
result of the push-back operation, are covered and packed with iodoform 



Fig. 10 . — Method of placing silver wire to hold the iodoform gauze in place. 

gauze, which is held in place by a strand of silver wire inserted as previously 
described (Fig. 10). , The gauze is allowed to remain in place 10 to 
14 days. 

A summary of the necessary steps involved in the correction of con- 
genital insufficiency of the palate follows : 

Method A. — i. Raise the flap and suture the skin graft in place. 2. Three 
to ten weeks later, perform the “p«sh-back” operation. Method B. — i. 
When the viability of the palatal tissue is uncertain, a three-stage operation 
should be performed. First raise the palatal flap, divide the palatine vessels, 
and suture the flap back in place. 2. Six to eight months later, raise the 
flap through the original incision and insert the skin graft. 3. Three to ten 
weeks later, complete the repair with the “push-back” operation. 
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TYPE IJ — CLEFT OF THE SOFT PALATE 
This gi'oup of defects presents not only a short or insufficient palate 
but, in addition, a cleft of the soft palate (Fig. 12 ). The operation of choice 
in these cases is the two-stage “push-back” operation (Fig. 16). 

The second stage of the “push-back” operation is now accomplished by 
raising the flap, dividing the hamular process on either side, severing the 
connections of the soft palate from the nasal surface of the bony palate. In 
this way, the nasal mucous membrane and the aponeurosis are separated 
from the posterior border of the hard palate (Fig. 20). 




Fig. II. — Deficiency of the bone in different vaiiations of cleft palate. 


The next step is to denude the edges of the cleft and approximate the 
nasal muscous membrane of the two halves, with interrupted sutures (left 
untied) (Fig. 21). It will be found helpful to insert a few mattress sutures 
to evert the edges and prevent inversion of edges — a frequent cause for 
nonunion. One or two Veau sutures are next placed through the muscular 
layer at the middle third of the soft palate. We use a specially designed 
needle for placing this intramuscular suture, bringing it from the midline 
out through the lateral incisions, as shown in Figures 21 and 22, and ending 
in midline. These needles — straight or curved — with wire sutures attached, 
are prepared for us by the Davis and Geek Co. The suture is placed and left 
untied ; the nasal sutures are tied, closing this surface, with the edges everted. 
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The Veau suture is now twisted (tied) bringing the two halves of the cleft 
into good approximation, without tension. The oral sutures are next inserted 
and tied. These sutures should pass down to, but not through the nasal 
mucosa. Ordinary through-and-through sutures, if not carefully laid and 
tied, will invert the edges of the mucous membrane. Use end-on-end mattress 
sutures. The anterior end of the flap is now sutured to the palate bone or to 
the fibrous tissue present. An iodoform pack is placed over the uncovered 
palate and in the lateral incisions (Fig. lo). 



Fig. 12 . — Determining the bone deficiency. 

The raw nasal surface that formerly existed in the “push-back” operation 
is avoided by the use of the skin graft (Fig. 23). Tension sutures, or metal 
plates, used to reduce tension will frequently produce a permanent scar. 
Intramuscular and intrafascial sutures are well tolerated and, for this reason, 
the Veau suture is ideal. We use it in all cases. The mattress suture is well 
tolerated because it gives maximum approximation of the two muscular seg- 
ments with epithelial or surface tissue compression. 

A summary of the operative procedure in this type is: i. Raise the flap 
and suture a skin graft in place. 2. Three to ten weeks later, the “push- 
back” is completed. 

If the palatal tissues do not warrant extensive surgery at this time, 
a three-stage procedure should be emplo)'ed : 

10 
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F.g. xs.-Method A-For elevation of the muco.-eriosteal flap, 
I6.-Flap elevated-Vessels divided ready for skin Kraft. 
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First Stage; Raise the flap, sever the palatine vessels and sntnre back 
in place. 

Second Stage: Six to eight months later, raise the flap through the 
original incision and insert the skin graft — resuture. 

Third Stage; Three to ten weeks later, perform the “push-back” 
operation. 

TYPE III CLEFT OF THE SOFT AND HARD PALATE 

UP TO THE PRE.MAXILLA 

This group presents four distinct variations: i. The defect in the 
palate bone may be as wide as the cleft in the soft palate. 2. The margins 
of the soft palate cleft may converge anteriorly into the narrow deft of a 
very poorly developed hard palate, with its characteristically high narrow 
arch. 3. The vomer may be fairl}^ well developed or only rudimentary. 

In our experience, the vomer is usually rudimentary and does not ap- 
proach the level of the defect. These variations affect the type of operative 
procedure. The presence or absence of a normal vomer is the most important 
factor present. When the vomer is rudimentary, as is usual in this type 
of cleft, it plays no part in the correction. The Langenbeck lateral incision 
may be made, the flaps raised and the skin grafted in one operation. Three 
weeks later, the Langenbeck operation is performed closing the cleft. Six 
months later, the V-“push-back” operation is performed. 

The Wardill operation uses the Veau-method of stretching the mucous 
membrane and covering it with V-flaps, much the same as we do in the 
V-“push-back.” If the vomer is well developed, we perform the “push- 
back” as described in Type V. 

The practicabilit}^ of the Veau idea of reflecting the nasal mucous mem- 
brane must be considered. When the arch is high and narrow, the mucous 
membrane is difficult if not impossible to transfer. When closure is obtained 
in this type, it is not entirely satisfactory. In a limited number of cases 
where the cleft is not too wide or the arch is not too high, it is possible to 
elevate sufficient nasal mucous membrane from the floor of the nose to suture 
it in the midline. It has not been entirely satisfactory for us. We feel, how- 
ever, that the skin graft reduces the possibility of tissue failure to a minimum 
and preference is made of its use. 

TYPE IV SINGLE COMPLETE CLEFT OR UNILATERAL 

LIP-JAW PALATE SPLIT 

When conditions permit, the lip is closed soon after birth. This pro- 
duces’ a fusion of the alveolar cleft. Rarely, in this type, is the vomer 
rudimentary. As a rule, it is well developed and attached to the longer 
side and its mucoperiosteum can be used to close off the nasal chamber. 

Ill the presence of a well developed vomer, lying on a plane and articu- 
lating with the palatal process, its mucosa may be separated from the bone 
and reflected like the open page of a book. This leaves the vomer devoid 
of its mucosal covering. The palatal mucous membrane on the short side 
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is elevated one-quarter inch along the margin of the cleft and the vomer 
flap is tucked into this recess. This brings the two raw surfaces into contact 
in which position they are immobilized with mattress sutures. The tri- 
angular cavity thus created is packed with iodoform or xeroform gauze, 
and held in place by a wire around the teeth for at least ten days. This 
area granulates progressively to the surface, efifectively solidifying the anterior 
third of the palate (Figs, i, 2, 3, 4, 5 and 10). 

The operative sequence for correction in the presence of a well developed 
vomer is as follows : About the second or third year, or later, the vomer 
flap is reflected as described, and the area allowed to fill in. In from five 
months to two years later, a first of a two-stage “push-back” operation 
is performed. This consists of a long lateral incision on either side; the 
posterior palatine vessels are divided and the flaps raised (Fig. 25). If 
they blanch, and if very thin, we immediately suture them back into place. 
If the flaps are of normal thickness we suture in place skin grafts and then 
suture the flaps back in place. Three to ten weeks later, the “push-back” 
operation is performed. The flaps are elevated with their adherent skin 
grafts, carried backward and fixed. The pattern of this reconstructed 
palate resembles that of Smith, Ganzer, Halle-Ernst, Limberg and Wardill 
(Fig. 26). 

It should be noted here that the filled-in area, bounded by the vomer 
flaps, remains untouched. Incisions for the “push-back” flaps are made 
onl)'’ when the bony palate has been unmistakably outlined with a needle. 
This gives a bony floor for the flaps on either side of the vomer area, and 
the “push-back” operation is completed essentially the same as previously 
described. 

To summarize briefly : The vomer flap is raised and sutured “leaf-of- 
the-book-wise” to the opposite palatal flap. The space formed is packed 
and allowed to granulate to the surface. We strongly stress this phase of 
the operation, because the anterior part of the hard palate has automatically 
repaired itself without disturbing any of the palatal tissue. 

Five months after the vomer-mucoperiosteal transplant, the tissue in this 
area is usually well organized and the flaps may be elevated and skin graft 
inserted. Three to eight weeks later, the “push-back” operation is per- 
formed. The order of the repair is as follows : 

1. The nasal sutures are inserted but not tied. 

2. The Veau suture is inserted but not tied. 

3. The nasal sutures are now tied. 

4. The oral sutures are inserted but not tied. 

5. The Veau suture is now tied by twisting the ends, thus approxi- 
mating the two halves. 

6. The oral sutures are now tied. 

7. Retroposition is effected, and the palate is anchored in its new po- 
sition with the wire sutures as previously described. 
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The bony palate is covered with iodoform gauze, and the latter is 
held in place with silver wire to permit granulation across this space. 

The unilateral lip-jaw palate split, Avith a rudimentary vomer, is rare, but in 
such cases the repair may be made by either of two methods: 

1. The Langenbeck operation is performed as a preliminary step, with 
or without a skin graft, as conditions AA^arrant. 

2. Use the method of Ganzer, modified by Limberg, and popularized by 
Wardill (Fig. 24). 

We prefer the Langenbeck method of anterior closure folloAved by the 
V-“push-back” operation. 



Fig 23 — Nasal surface after the “pushback” operation (a) AVithout skin graft 
(b) With skin graft in place. 


If the flaps permit, the grafts are inserted at the same time the palatal 
mucous membrane is raised. If, on the other hand, the tissue is very 
thin and blanches, a three-stage operation is automatically resorted to in 
completing the Langenbeck procedure. Since a short palate now exists, 
the V-“push-back’' operation is performed, much the same as shoAvn in 
Figure 26, to obtain velophaiyngeal closure. 

TYPE A’' — DOUBLE COMPLETE CLEFT OR BILATERAL 
LIP-.TAAV PALATE SPLIT 

The method of closure is by reflecting of one or both vomer flaps of 
mucous membrane outAA'ard as the open pages of a book (Figs. 6 and 7). 
It is easier to do this bilaterally at once, and not in stages. Some authors 
belieA'e there is danger of losing the A’^omer if this is done. HoAvever, our 
experience has not borne this out. 

Upon the first examination of a cleft palate, soon after birth or in 
infancy, the Ammer may appear to be only a remnant. A year or so later, 
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Fig. 24 . — Wardill’s method of operation. (A) Completion of the suture line. (B) Illustrates 
diagrammatically how, by cutting flaps in the method described, a form of VY advancement of the 
velum takes place. The letters indicate corresponding positions before and after opeiation. (C) The 
mucosa from the nasal surface of the hard palate is united to the vomerine muscosa. The situation 
of the stay sutures is shown. (D) Repair completed. The dotted line shows the approximate 
of the united nasal mucosa. (British Journal of Surgery, 25:1937) 
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Fig. 26 . 

Fig. 25. — Elev.-ition of flap? in preparation for skin graft in single lip-jaw p.alate 
cleft. Note how a portion of the nasal mucous membrane may be elevated. 

Fic. 26. — Completed second stage of the “push-b.ack” operation in single, complete 
lip-jaw palate cleft. 
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one is often surprised to note that, in many cases, the vomer has developed 
to a point where the flaps may be utilized. 

We are mindful of the additional stage-operation required, when the 
vomer flap technic is emplo3fed, but it so greatly simplifies the final or 
“push-back” operation that we feel it is indispensable. When the gauze 
is removed in ten days or two weeks, and the cavity has begun to fill in, 
it is smooth and rapidly blends with the contiguous surface of the palate 
(Fig. 27). 



Fig. 29. — Demonstrating the completion of the final stage of the “push-back” operation in double 
cleft palate. 


TYPE VI — COMPLETE BILATERAL CLEFT WITH RUDIMENTARY VOMER 

The vomer is not available for use. 

We have not been able to use Veau’s method of pulling the nasal 
mucous membrane over for constructing a nasal lining in a large percentage 
of cases. In the high narrow arch, we have found it to be an impossibility. 
It may be accomplished in a low, wide vault, where the field of operation 
is much larger and the tissues are more accessible. Furthermore, when this 
procedure is employed, it is of value only when the Langenbeck, or similar 
operation, is performed for final correction. If further retrodisplacement 
is anticipated, the nasal mucous membrane will have to be supplemented. 
The skin graft, therefore, is the method of choice in these cases. 

This is not intended as a criticism of Veau. On the contrary, we agree 
with him, as mentioned previously, that the necessity of a nasal lining is 
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axiomatic, but we feel that the use of the skin graft accomplishes this and 
permits the retrodisplacement necessaiy for a successful “push-back” 
operation. 



■ve-irte-br'a 


Fig. 30. — Demonstrating the position of the superior constrictor at rest. Note 
the palatine fibers of the superior constrictor which cause the shut-off. 

SECONDARY REPAIRS 

We have, in former papers, dwelt at length on the shortcomings of the 
mucoperiosteal and osteoplastic methods of cleft palate surgery. We feel, 
therefore, that mention of our methods of full correction of these previously 
operated cases is necessary. We classify these palates as operative successes 
but speech failures. We are mindful of the fact that the other surgeon’s 
successes are not seen by us. We seldom see a palate which had been re- 
paired by the Davies-Colley or Lane methods, where the tissues are in a 
state of sufficient vitality to risk further surgical correction. In the cases 
where we tried a “push-back” operation for correction of speech, little 
or no improvement resulted. We have twice successfully performed the 
“push-back” operation after a Brophy osteoplastic repair. We confess 
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that we have seen speech failures after a •'push-back” operation. In sucli 
cases, the soft palate was not sufficiently separated from the hard palate 
structures to permit full retroposition. Many of our own Langenbeck repairs, 
performed years ago, have been functional failures. 

The procedures for correcting these speech failures vary with the pre- 
vious types and number of operations. Generally speaking, a modified 



ve-xr-te-tox-a 


Fig. 31. — Demonstrating the position of the superior constrictor when contracted 
to produce the shut-off. 

“push-back” forms the basis of correction on all jjatients who still have a 
palatal insufficiency and speak with the characteristic nasal tone. These 
secondary corrections have been very gratifying and all cases have been 
improved. 

It is important to carefully plan the operation in each case so as to 
obtain maximum correction with minimum surgery. The plan is based 
on factors, the presence or absence of which influence the efficiency of the 
operation — the most important is the amount of bony palate present and 
the degree of vomer development. 
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Using a sharp needle, the edge of the bone is followed completely around 
the palate, automatical!}^ outlining the flaps. 

The first stage consists of elevating the mucoperiosteum ; dividing the 
palatine vessels (if not done at the previous operation). Next, insert the 
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graft if it is to be employed. It is very difficult to insert skin gr 
ases that have been operated upon many times before, Fortunat 
marked overproduction of fibrous tissue, existing from repeated trau 
ot so prone to contracture, and the skin grafts are not as necess: 
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The second stage of the push-back operation is performed three to ten 
weeks later. 

The hamular process is divided on each side, and the soft palatal tissues 
are completely separated from the posterior border of the hard palate. 
The lateral tissues are bluntly dissected out until the internal pterygoid 
muscle is reached, at which time there should be sufficient retroposition of 



Fig. 33 — Lateral view of the position of the palate muscles in a cleft involving 
the bony palate, after the “push back’’ operation 


the tissues. The flap or flaps are then sutured as previously described in 
Figures 21-26. 

It is to be emphasized that in these secondary repairs it is necessary 
that overcorrection be made. 

SECONDARY PALATAL DEFECTS 

All surgeons performing cleft palate operations have, at some time or 
other, been disappointed by having repeated failures in attempting to close 
secondary holes in the palate. The conventional operation, using lateral 
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relaxing incisions to allow flaps to close the defect, usually fails. The 
area above the repair forms a gutter for the accumulation of debris, and 
separation ensues. The presence of a mucous membrane-lining reduces the 
number of failures. The method of “turn-over,” as advocated by Davies- 
Colley, has been disappointing. Illustrations of this method are very con- 
vincing, but successes in our hands have been few. Wherever possible, the 
mucous membrane is brought over, as shown by Veau. Unfortunately, 
the mucosa has not always been readily accessible. Our method of skin 
grafting, followed subsequent!}'' by lateral incisions and closure, has given 
more encouraging results. 


CONCLUSIONS 

Operations designed for the simple closure of a cleft palate are not 
adequate for producing articulate speech. 

The “push-back” operation, in our hands, has increased the number 
of satisfactory speech results in cleft palate patients. This is particularly 
true in patients who have had previous operations, which resulted in but 
little speech improvement. 

The surgical correction is based on findings, as a result of original in- 
vestigation, and in the anatomy of the velopharyngeal mechanism. 

The “push-back” operation establishes the normal muscle and palate 
position, so that proper velopharyngeal closure is made possible. 

The use of vomer-flap transplant in cleft palate surgery has materially 
reduced the incidence of residual defects in the alveolar ridge. We feel that 
our modification of the method, by producing granulation with packing placed 
over the vomer flap, is essential if the “push-back” operation is employed. 

The skin graft has produced a heavier flap of tissue, and minimized 
tissue contraction following palatal surgery. It has also given us a higher 
percentage of closure in correcting secondary palatal defects. 

Nearly all cleft palates show some degree of bone deficiency, and while 
each type requires a different operation, our basis of all corrective surgery 
is the “push-back” operation, with variations for the individual case. 

We do not advocate the use of pharyngoplasty as a routine procedure 
nor do we encourage posterior pillar surgery. Pharyngoplasty may be of 
great value in cases where the superior constrictor will not develop and 
produce Passavant’s ridge or ring. There are cases that are surgically non- 
corrective because of insufficient tissue. The greatest gain in these cases is 
obtained by the use of an obturator. If, however, the “push-back” operation 
can be effected, even with a remaining defect in the anterior part of the 
palate, this is done, and the defect is covered with a small obturator. 
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THE MECHANISM OF SHOCK IN INTESTINAL STRANGULATION 


AN EXPERIMENTAL STUDY 

Everett Idris Evans, M.D.* 

Boston, Mass. 

FROM THE SURGICAL LABORATORY OF THE HARVARD MEDICAL SCHOOL AT THE 
MASSACHUSETTS GENERAL HOSPITAL, BOSTON, MASS. 

Few surgical emergencies present a graver picture of shock than tliat 
seen in intestinal strangulation, especially if a long loop is involved, or 
the symptoms have persisted for several hours or more. The rapid, feeble 
pulse, the pale and often cold extremities, the low blood pressure, the anxious 
yet worn expression, all suggest a seriously decreased effective blood volume. 
When the peritoneal cavity is opened and the surgeon observes that the dis- 
tended intestinal loops are bathed in thin, blood-tinged fluid, he is presented 
with direct evidence that the blood imlume is reduced ; but when the turgid, 
discolored loop is resected and opened to display the foul-smelling, blackened 
contents, it is difficult to resist the temptation to incriminate the loop contents 
(with their “toxins”) as the most important, if not the sole initiating cause 
of the shock picture. 

Experimental studies, too numerous to mention in detail, have been 
carried out for the purpose of determining the cause of death in closed 
intestinal loop obstruction. These, in the main, have served to focus at- 
tention on the extremely toxic nature of the contents of the closed loop 
(Whipple, Stone, ct They have demonstrated that when cell-free 

extracts of the loop contents are injected intravenously into suitably pre- 
pared animals, the recipient animal becomes quite ill, shows signs of shock 
similar to that seen on histamine injection, and usually dies in profound col- 
lapse. Moon^'^ (1938) has indicated that these animals show pathologic 
changes similar to those seen in patients dying from shock, and has con- 
cluded that such studies provide strong evidence that shock can best be 
explained on the basis of generalized damage to all capillaries as a result 
of direct action of a toxin. 

Few investigators interested in intestinal strangulation have jiaid close 
attention to the extent of plasma loss in this condition. There ai'e two notable 
exceptions: Aird^ (i937) placed a rubber bag around a loop of small bowel 
in cats, then strangulated the loop by tying a ligature around the neck of 
the bag tight enough to make the mesenteric pulsation just palpable. The 
blood loss was measured by comparing the weight of the bag plus the con- 
tained blood and intestinal loop Avith the same length of normal bowel. The 
results of nine experiments demonstrated that 50-So per cent of the blood 
can be shunted from the effective circulation ivithin 18-24 hours by this 

* Rockefeller Foundation Fellow in Surgery. Assistant in Surgerj', Medical College 
of Virginia, Richmond, Va. 
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method, and that the loss of blood varies directly with the length of loop 
strangulated. 

Scott^^ (1938). working in Wangensteen’s laboratory, has published an 
excellent paper on the cause of death in intestinal strangulation. In an 
experimental study on dogs, in which various types of arterial and venous 
occlusion of the blood supply to loops of small intestine was produced by 
ligation, he found that in partial occlusion of arterial and venous systems 
the blood loss was 35 per cent ; complete occlusion of blood supply, 22 per 
cent; complete occlusion of artery with patent vein, 20 per cent; and com- 
])lete venous occlusion with patent artery, 55 per cent. Scott concluded 
that ; “The loss of blood in strangulation obstruction has been calculated and 
found adequate, with the venous types of occlusion at least, to account for 
the shock and death with occur." 

Gendel and Fine” (1939). in their j^aper on plasma loss in intestinal 
obstruction, presented data on three dogs with a strangulated intestinal 
loop. By the dye method, these animals lost 30.8, 64.2 and 51.4 per cent of 
their blood volume during four hours of strangulation, respectively. 

In our present studies on shock, we have been able to make a series of 
observations on plasma loss in intestinal strangulation, and to correlate this 
loss with the alteration in actual plasma volume of animals before and during 
the shock state. These are recorded below, with remarks on the relation of 
such data to the general problem of the initiating factors in shock. 

Experimental . — The first few experiments demonstrated that if a small 
loop of the lower ileum was strangulated, the animals lived for 18 hours or 
more. Thereafter, the experiments were conducted in the following manner: 
Healthy dogs were used. After a 36-hour fast, the plasma volume was de- 
termined by the Gregersen'* dye method (1937) after the modification which 
emplo3^s the photo-electric colorimeter (Gibson and Evelyn,® 1938). At this 
time, determinations of total plasma chlorides, nonprotein nitrogen, and 
hematocrit were made. That same evening, under evipal anesthesia adequate 
for a short celiotomy (usually 40-50 mg. per kilo), and with strict asepsis, 
a loop of lower ileum, 14 inches in length, the lower end of which was 
about six inches above the ileocecal valve, was ligated with a rubber band 
(5 Mm. in width). The ligature was drawn tightly enough to produce 
obvious obstruction to A^enous return from the loop of bowel, but only 
tightly enough to diminish slightly the arterial inflow. The intestines were 
returned to the peritoneal caAuty, and the abdomen closed in layers, with 
silk sutures. By the time the skin Avas closed, the animals AA^ere usually 
coming out from the anesthesia, so the total anesthesia time Avas usualty one- 
half hour or less. Evipal Avas employed as the anesthetic agent, rather than 
ether, first, because it probably does not affect the plasma volume as much 
as does ether (McAllister,^- 1938, and Hamlin and Gregersen,^® 1938), and, 
secondly, because it gave the adA^antage of a A^^ery short anesthetic period. 
It is felt that the shock Avhich subsequently cleA’^eloped could not haA'-e been 
influenced greatly by this procedure, in itself, and could not very plausibly be 
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attributed to the brief anesthesia. This should obviate the criticism of Moon” 
(1938) that in certain experimental studies, the anesthetic may have been 
the cause of shock. 

The next morning, 12-14 hours later, the animals were always in varying 
degrees of “shock.” The pulse was always rapid (150-220 per minute) with 
a weak pulsation in the peripheral arteries ; the extremities were often cold ; 
temperature (rectal) was usually elevated i°-2°C. ; respirations were 
normal; more often than not. these animals could be induced to jump out 
of their cages. Only one dog was obviously moribund at this stage. 



Fig. I. — The appearance of a strangulated loop of bowel, 
contrasted with normal bowel after 14 hours of strangulation. 

At this time, a second plasma volume determination was made, and, at 
the same time, the hematocrit, plasma protein, chlorides, and nonprotein 
nitrogen were determined. With local anesthesia, the blood pressure was 
measured with a mercury manometer from a cannula in the left femoral 
artery. The animals were then anesthetized with various anesthetic agents 
(these studies were reported in detail elsewhere [Evans and Beecher,'^ 1941 j ) > 
death ensued in 30 to 200 minutes. After death, the peritoneal cavity was 
opened carefully. The free blood-tinged fluid was collected with sponges, 
the amount and character recorded, and its protein content and hematocrit 
determined. A careful necropsy was then performed on each animal. 

N'ccropsy Findings . — Figure i illustrates the usual appearance of the 
strangulated loop. The amount of free peritoneal fluid varied from 63 to 
329 cc. The small bowel above the strangulated loop appeared normal. 
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sometimes being slightly distended with fluid. The stomach and duodenum 
were always normal in appearance. The spleen was always contracted; in 
three instances there were small hemorrhagic infarcts in this organ. The 
liver, lung, heart, kidneys, and adrenals were normal. In no instance did the 
lungs show evidence of edema, such as that described by Moon,^** (1938). In 
no instance was the pericardial lyinpli stained with the dye (T-1824) used 
in the determination of the second blood volume. This finding is in 
contradistinction to the findings of Freeman, et al.^ (1941), who induced 
“shock” by continuous adrenalin infusion. This has been discussed else- 
where in connection with the validity of the Gregersen dye method for plasma 
volume determination in the shock state (Evans and Hamlin,”’ 1941). It 
may be stated here that in all but one experiment, the disappearance slope 
of the dye curve has been the same in the normal and in the shock state 
for the same dog. 

As a final step, the strangulated loop was opened, its contents collected 
and measured. The loop contents were always dark red-black in color, 
possessed an extremely foul, peinneating, sometimes nauseating odor, and 
resembled more closely laked whole blood, than plasma. 

Experimental Obsej-vations. — i. In Table I are shown the chemical and 
physiologic data on these animals, in the normal state, and after 12-14 hours 
of intestinal strangulation. For brevit}’-, representative data are shown for 
only 10 of the 29 dogs so studied. 


Table I 

CHEMICAL AND PHYSIOLOGIC DATA IN TEN ANIMAL E.XPERIMENTS 


Dog No 

63 

79 

81 

102 

104 

113 

126 

129 

122 

144 

Weight 

15.0 

16.3 

10.0 

9.4 

9.1 

13.0 

14.2 

13.7 

16.5 

10.1 

Hematocrit 

Before 

47.0 

38.0 

34.0 

41.0 

41.5 

42.8 

44.2 

46.8 

43.6 

58.3 

After 

53.0 

48.5 

42.5 

58.3 

50.8 

48.7 

53.2 

48.9 

61.5 

65.0 

Plasma Protein 

Before 

5 . 35 

6.63 

5.97 

6.31 

.... 

.... 

6.33 

5.85 

6.35 

5.42 

After 

5.29 

6.60 

5.87 

6.07 

5.48 

6.32 

5.70 

5.66 

6.52 

6.31 

Chlorides 

Before 

106 

101 

110 

106 

...» 

128 

120 

120 

120 

116 

After 

108 

103 

102 

98 

120 

132 

108 

124 

116 

120 

Per Cent of Plasma Lost 

—38 

— 25, 3 

—45.9 — 

-34.8 

—31.4 

—23.4 

—40.8 

—27.1 

—45.4 

—35.2 

CC. Plasma Lost, Dye Method 

268 

231 

302 

161 

134 

155 

283 

147 

436 

178 

Fluid Collected 

Peritoneal Cavity 

225 

175 

304* 

148 

119 

158 

155 

98 

329 

160 

Loop 

50 

10 

• > . • 

152 

65 

174 

48 

82 

95 

50 

Protein Content Peritonea) 

Fluid 

4.21 

4.46 

• • • • 



4.80 

6.89 

4.56 

8.30 

4.77 

5.04 

Initial B. P, in Shock Mm. Hg 

65 

128 

72 

78 

74 

57 

88 

49 

65 

35 

N. P. N. 

Before 




• » • • 



«... 

.... 

20.0 

30.0 

26.4 

30.0 

After 








36.4 

42.2 

44.5 

69.0 

*Total 


It will be noted first that there has occurred during the experimental 
period a material decrease in actual circulating plasma, ranging from 25.3 
to 45.9 per cent. The blood chlorides remain unchanged; this was to be 
expected because these animals do not vomit, so no gastric juice is lost. The 
hematocrit rises from 6.0 to 17.9 per cent; this henioconcentration indicates 
a predominant loss of plasma rather than whole blood. The plasma protein 
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concentration is unchanged, indicating that if fluid is drawn from the 
extravascular spaces or tissues into the blood stream tissue proteins come 
with it. The nonprotein nitrogen rises very slightly ; this may indicate a 
decrease in kidney function or perhaps the absorption of blood from the 
peritoneal cavity. 

In Chart I, the initial blood pressure (after the 12-14-hour strangulation) 
is plotted against the decrease in plasma volume. It will be noted that the 
blood pressure appears to be fairly well maintained until the plasma loss 



PLASMA LOSS IN PERCENT 

Chart i. — The apparent maintenance of Wood pressure at norma! levels until the plasma loss 
exceeds 25-28 per cent. 

exceeds about 28 per cent. If a greater loss occurs, the blood pressure is 
obtained at “shock” levels. 

An analysis of the data demonstrated that the pulse rate was always 
elevated, whether the plasma loss was in the neighborhood of 20 or 35 
per cent. There appeared to be no close correlation between plasma loss 
and pulse rate. 

THE REL.ATION OF THE VOLUME OF FREE PERITONEAL FLUID TO PLASMA LOSS 

The free peritoneal fluid collected from these animals with strangulated 
loops had these characteristics; It was slightly pink to red in color, and 
contained varying numbers of red blood cells: when centrifugalized. the 
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lieniatocrit was low, 2.1 to 6.2 per cent. The supernatant fluid resembled the 
animars plasma. If sodium thiocyanate had been injected (to determine 
extracellular fluid volume) the thiocyanate concentration of the animal’s 
plasma was the same as that in the peritoneal fluid. The protein concen- 
tration was slightly lower than that in the plasma. The odor was that of 
the animal, never like that of the loop contents. If allowed to stand in a 
test tube for several minutes, a solid clot formed throughout the tube of free 
peritoneal fluid, just as in heparinized plasma to which has been added a 
sufficient amount of thrombin. 

Peritone.nl Str.nnguiated Fi'om these observations it has been 

C.nvitv Loop 

concluded that the free peritoneal fluid 
^ in these shock animals closely approxi- 

niales plasma. Figure 2 illustrates the 
centrifugalized free peritoneal fluid con- 
Wi trasted with the fluid from a strangulated 
{ loop. 

I In Table i and Chart 2 is presented 

t a comparison between the amounts of 

r free peritoneal fluid collected, (with its 

protein concentration), and the decrease 

in plasma volume as measured by the 
dye method. It will be observed that in 
most of the exi^eriments practically enough 
free peritoneal fluid was collected to ac- 

Fig. 2 , — The centrifugalized free peri. . r .1 1 1 i 

tone.nI fluid contrasted uitli that from the COUllt foi' the plaSlPa VOlumC deCreaSC. 

strangulated loop. \\'ben the voluiues of the loop contents 

and free peritoneal fluid are considered together (Chart 2). it will be seen 
that the plasma seems to have been lost “locally,” i.c., in the loop or into the 
peritoneal cavity, rather than “generally” from the capillary bed of the entire 
body. The significance of this observation will be pointed out below. 


THE TOXICITY OF THE FREE PERITONEAL FLUID 

No one who has opened a strangulated loop of bowel could fail to have 
been impressed by the obvious toxic nature of the loop contents. The odor 
is so offensive, so fecal in character, that it is easy to imagine the serious 
consequences that must result should this material be asborbed unchanged 
into the blood stream. But there rests the problem: Do these substances 
in the strangulated loop get into the general circulation ? 

Absorption from the loop of bowel can take iflace only in three possible 
ways, namel3L by the loop lymphatics, b}'^ the loop venous system, or by 
passage through the serous coat and then transperitoneally, to be absorbed 
either by the normal mesenteric vessels or by the lymphatics of the general 
peritoneal cavity. 

In a strangulated loop, the venous and lymphatic return of the loop are 
obstructed ; absorption can, therefore, take place onl}' transperitoneally. If 

33 



EVERETT IDRIS EVANS 


Annals of Surgery 
January, 194 ;j 


this be true, then the only route by which toxic products in the strangulated 
loop can enter the general circulation is to pass through the serous coat of 
the strangulated bowel, into the fluid contents of the peritoneal cavity, and 
then into the general, circulation via lymphatics or mesenteric circulation. 

On this basis, the following experiments were carried out. Intestinal 
strangulation was produced in the described manner. When the dog was 
in quite severe shock, the free peritoneal fluid was collected under local 



Chart 2. — 'The relation of plasma loss, as measured by dye methods, to fluid collected in the 
peritoneai cavity and in the strangulated loop. 


anesthesia through a small incision in the abdominal wall, by aspiration and 
suction. Clotting was prevented by a small quantity of two per cent sodium 
citrate. About lOO cc. of peritoneal fluid was collected from each of three 
dogs in shock. This peritoneal fluid was then diluted with equal parts of 
0.9 per cent NaCl solution and injected intravenously into suitable recipient 
animals. In Graph lA is shown the kymographic tracing of the blood 
pressure curve, shortly before, during and after the intravenous infusion of 
75 cc. of free peritoneal fluid taken from a shock dog. The response was 
a slight rise in blood pressure during the infusion. In Graph iB is shown 
the kymographic tracing of the blood pressure curve of a normal dog under 
sodium amytal anesthesia, 50 mg. per kilo, during the intravenous infusion of 
100 cc. of peritoneal fluid taken from another animal in shock. In none of 
three such experiments was there any evidence of the presence of a depressor 
substance in the free peritoneal fluid of these shock dogs. Dogs given such 
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to be important in the causation of shock in intestinal strangulation; they are 
thus separated because of their relation to the time-sequence during which 
they act. The sequence of events could be stated as follows: 

A. Initial Phase: A loop of bowel is strangulated by torsion, a band, or 
caught by the neck of a sac (hernia). The venous flow is obstructed, while 
the arterial inflow is unimpaired. A high venous pressure develops locally 
in the strangulated loop, with increased capillary filtration locally, and when 
the endothelial capillary wall is damaged sufficiently, fluid and protein pom- 
out into the lumen of the loop and through the serous coat into the free 
peritoneal cavity. Soon, practically pure plasma is passing through the 
capillary wall. The effective circulating plasma volume falls in direct ratio 
to the local loss of plasma, with a decreased effective blood volume (and 
diminished cardiac output) resulting if the condition persists. 

B. Sustaining Phase: The blood pressure remains elevated as long as the 
plasma loss can be compensated for by the protective vasoconstrictor mechan- 
ism. There is still only local damage, i.e., in the affected loop. When the 
plasma loss exceeds a certain value, e.g., above approximately 25-30 per cent, 
the vasoconstrictor mechanism ceases to be effective because of a marked 
disparity between the effective blood volume and the size of the vascular 
bed. The blood pressure falls, and the cardiac output diminishes. If this 
state persists for long, the blood flow to all tissues diminishes to such an 
extent that generalised increased capillary permeability may develop. 

C. Terminal Phase: Generalized capillary damage is attended by rapid 
leal<age of protein and fluid from the vascular bed to the extracellular and 
lymph spaces ; hence pulmonary edema, capillary stasis, necrosis of bowel 
mucosa, etc. During this phase, the bowel wall of the strangulated loop may 
be so damaged as to become permeable to any of the contents of the loop, 
and they pass into the peritoneal cavity; a general toxemia develops, with 
death ensuing. 

Such data as have been gathered in the present study seem to fit well 
into this conceptual scheme. We know that the venous strangulation of an 
intestinal loop early results in local damage, with plasma loss, because that 
can be easily observed when the animal is still under anesthesia. At the 
end of 12-14 hours it can readily be demonstrated that there is a local loss 
of plasma because plasma-like fluid can be collected from the peritoneal cavity. 
This fluid closely resembles plasma; the extent of the plasma loss as esti- 
mated by dye methods can be readil}'^ accounted for by the amount of 
plasma collected “locally” (Chart 2). It, therefore, seems quite unnecessary, 
and somewhat illogical, to attempt to account for this plasma loss by in- 
voking a “generalized” loss of plasma, in the initiating, and, probably, sus- 
taining phases of shock. 

The relative absence, so far as could be demonstrated by depressor re- 
sponse when given intravenously, of any “toxin.s” in the free peritoneal 
fluid of these shock dogs is presumptive evidenee that in the initiating phase 
of this type of shock “toxins” are not important causative factors. I have 
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not the slightest doubt that the loop contents are extremely toxic, especially 
when administered intravenously or intraperitoneally. As pointed out by 
Gatch and CulbertsoiA" (i935)> however, “the crucial test (of the intoxi- 
cation theor}^) must be the demonstration that toxic material is actually 
absorbed from the obstructed bowel.” If it be admitted that in strangulated 
loop experiments the onl}'’ absorption of such “toxins” is transperitoneally, 
it would seem, in the light of the above evidence, that this “demonstration” 
is still lacking. 

The pathologic findings in the present group of shock dogs are decidedly 
different from those described by Moon and Morgan”^'" (1936) with a similar 
shock preparation. However, in their experiments, in which evidence of 
generalized capillar}' damage was found (pulmonary edema, bowel mucosal 
hemorrhage, eic.), the animals were allowed to die from shock. These 
changes would be expected in animals dead from shock, if the “sustaining” 
and “terminal” phases were long enough to permit generalized capillary 
damage. 

Although Moon and Morgan injected strangulated loop contents, and 
found them extremely toxic, enough so to produce death when injected 
intravenously, they did not test the toxicity of the free peritoneal fluid of 
their shock animals, even though they agree that when the blood and lymph 
channels of a strangulated loop are obstructed, absorption of toxic products 
must take place “in part by diff'usion into the peritoneal cavity with absorp- 
tion through the peritoneal surfaces.” 

An abundance of data on plasma and blood loss in experimental traumatic 
shock has led both Blalock and Phemister to the conclusion that most of 
the blood or plasma loss is “local” at the. site of injury, and that there is 
only a minimal loss of plasma through indirectly damaged capillaries or into 
areas of capillary stasis remote from the site of injury (“traumatic 
toxemia”). Blalock- (1931) states “the observations thus far indicate that 
the local loss of fluid at the site of injury is the most important factor in 
producing the decline in blood volume and blood pressure in shock. Evi- 
dence was not found for the action of toxins in these experiments.” 

It would appear from the experiments recorded here that substantially 
the same view might be taken for the cause of shock in intestinal strangula- 
tion; that the local loss of fluid from the strangulated loop of intestine is the 
most important factor in producing the fall in blood volume and blood 
pressure. No evidence for the action of toxins was found in these experiments. 

CONCLUSIONS 

In an experimental study of shock produced by strangulation of a short 
loop of ileum, it has been found that there occurs a large loss of plasma 
locally, great enough in itself to account for the fall in blood volume and 
blood pressure. There was no evidence found for plasma loss from cap- 
illaries damaged by “toxins,” remote from the site of injury. 

It is a pleasure to acknowledge mj' indebtedness to Dr. E. D. Churchill, who intro- 
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(luced me to liis concepts of the shock problem, and to Dr. Henry K. Beecher, for tlie 
facilities of his laboratory. 


BIBLIOGRAPHY 

I Aird, I. ; Edinburgh Med. J., 44, 28, 1937. 

- Blalock, A., Beard, J. W., and Johnson, G. S. ; J. A M.. A., 97, 1794, 1931. 

Blalock, A. : Principles of Surgical Care. C. V. Mosby Co., St. Louis, Mo., 1940. 
Evans, E. I., and Beecher, H. K. : In preparation. 

Evans, E. I., and Hamlin, E. : In preparation. 

0 Freeman, N., Freedman, H., and Miller, C. C. : Am. J. Physiol., 131, 545, 194T. 

^ Gendel, S., and Fine, J. ; Annals of Surgery, iio, 25, 1939. 

Gibson, J. G., Jr., and Evelyn, K. A.; J. Clin. Invest., 17, 153, 1938. 

” Gregersen, M. I., and Gibson, J. G., Jr.: Am. J. Physiol., 120, 494, 1937 
1" Hamlin, E., and Gregersen, M. L: Am. J. Physiol., 125, 713, 1939. 

Hill, J. M., Muirhead, E. E., Ashworth, C. T., and Tiggert, W. D.: J. A. M. A., 
116, 395. 1941. 

1- McAllister, F. F. : Am. J. Physiol., 124, 391, 1938. 

13 Moon, V. H., and Morgan, D. R. ; Arch. Surg., 32, 776, 1936. 

II Moon, V. H. : Shock and Related Capillary Phenomena. Oxford Univ. Press, New 

York, 1938. 

!■' Scott, H. G. : Arch, of Surg., 36, 8i6, 1938. 

Whipple, G. H., Stone, H. G., and Berneheim, B. M. ; J. Exp. Med., 17, 286, 3.^3. i9>3- 
1" Gatch, W. D., and Culbertson, C. G. : Annals of Surgery, 102, 619. i935. 



FLUID, PROTEIN AND ELECTROLYTE ALTERATIONS IN 
EXPERIMENTAL INTESTINAL OBSTRUCTION* 

AY. E. Abbott, M.D., R. C. Mellors, Ph.D., and E. Muntwyler, Ph.D. 

Ci.EVEL.vxD, Ohio 

I'ROM THE DEF.VRTME.VTS OF SURGERY AND BIOCHEMISTRY, WESTERN RESERVE UNIVERSITY 
SCHOOL OF MEDICINE, CLEVELAND, OHIO. 

In 1928, Foster,^ in clarifying the status of acute intestinal obstruction 
from an experimental and clinical point of view, chose to define two arbi- 
trary entities: (i) Acute simple obstruction of the continuity of the gastro- 
intestinal tract without priniar}^ vascular derangement; and (2) acute in- 
testinal strangulation with interference to the vascular supply of the part. 
Thus, simple constrictions or bands about the intestine produce acute 
simple obstruction without vascular derangement, provided that the degree 
of distention of the occluded bowel is not excessive. Herniation or volvulus 
of a loop of intestine produces in addition to the obstruction a disturbance of 
its vascular tree. The multiplicity of factors that may enter into the patho- 
genesis of intestinal obstruction makes it imperative that each experi- 
menter carefully assess the role played by the several physiologic and patho- 
logic processes involved. For example, it is important to have information 
concerning the extent of the following: The plasma and interstitial volume 
dehydration ; the disturbance of the acid-base equilbrium ; the distention and 
ischemia of the preoccluded bowel; the vascular derangement associated 
with strangulation, as well as to keep in mind the regional differences in 
function (secretory, absorptive) and adaptability of different levels of the 
gastro-intestinal tract. 

The present study was undertaken to evaluate, quantitatively, the changes 
in the plasma (T-1824) volume and the “available (thiocyanate) fluid,” or 
roughly the extracellular fluid volume in dogs with pyloric, jejunal, terminal 
ileal, and colonic obstruction ; to interpret, on the basis of these changes, 
the reliability of the hematocrit and plasma protein concentrations as indices 
of plasma dehydration ; and to consider the role of certain factors in influenc- 
ing the rate of development of dehydration and the severity of the symptoms 
in experimental obstruction. 


methods 

The obstruction of the gastro-intestinal tract of dogs was produced, under 
anesthesia, by tying a surgical tape one centimeter in width about the desired 
portion in such a manner as to occlude the lumen and yet not to produce 
ischemic necrosis and perforation. The degree of interference with the 
vascular supply in such a preparation depends subsequently upon the 
magnitude of the distention of the intestine proximal to the obstruction. In 

* Aided bj' a grant from the John and Mary R. Markle Foundation. 
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some animals, as judged b)^ the clinical course and the postmortem gross 
and histologic examination, the interference with the vascular supply to 
the part was minimal ; in others, with great distention of the preoccluded 
portion, the role of a decrease in circulation to the segment was more 
prominent. 

The time required for operation and anesthesia was short (15 to 30 
minutes) and the degree of dehydration produced was minimal (as indicated 
by changes in the hematocrit and plasma protein concentration). In some 
cases before the abdomen was closed, physiologic saline was given intra- 
peritoneally to combat dehydration due solely to the operative procedure. 
In order either to induce or to minimize a rapid loss of body water by 
emesis, water and food were either given or withheld from the animals 
in the postoperative period. 

Fasting blood samples were carefully collected with greased syringes 
to avoid hemolysis. The plasma (T-1824) volume and the “available (thio- 
cyanate) fluid” volume (or roughly the extracellular fluid volume) were 
determined by the direct method of Gregersen and Stewart^ as modified 
for the photo-electric colorimeter by Gibson and Evelyn.-'^ The hematocrit 
determinations were made with heparinized blood in Sanford-Magath or 
Van Allen tubes, the plasma protein determinations were made by the 
mi9ro-Kjeldahl technic and the falling-drop method of Barbour and Ham- 
ilton,^ and the plasma chloride determinations by the method of Van Slyke,“ 
as modified by Wilson and Ball.® The total amount of circulating plasma 
protein was obtained by multiplying the plasma volume by the plasma pro- 
tein concentration in grams per cubic centimeter. The percentage changes 
of the plasma volume, thiocyanate volume, and total circulating proteins 
were based upon individual control levels. At death, a gross pathologic 
examination was made, and sections of the viscera were taken for micro- 
scopic study. 

fiESULTC OF EXPERRIENTS 

Pyloric obstruction was produced in eight dogs. The findings are shown 
in Table I. It can be seen that the hematocrit and plasma protein con- 
centration showed a progressive rise in every instance except in Dog C-6 
and Dog 360. In the former the hematocidt rose initially and then stabilized 
at about 45 in the presence of a progressive dehydration (as indicated by 
the plasma volume studies) and in the absence of hemorrhage. In Dog 360 
the hematocrit fell terminally after an initial rise. In this dog and in Dog 
359 gross and microscopic pathologic changes characteristic of shock were 
present. 

All of these animals were permitted to eat and drink, and the magnitude 
of the loss of body water was found to parallel fairly well the amount and 
frequency of vomiting. The plasma volume after one to three days of 
obstruction showed a decrease varying from 9 to 46 per cent and the “avail- 
able (thiocyanate) volume,” or roughly the extracellular fluid volume, 
showed a loss varying between 5 and 30 per cent. 
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Table I 

BLOOD STUDIES OF DOGS WITH PYLORIC OBSTRUCTION 


Percentage 
Change in Total 





Plasma 

Plasma 

Plasma 

Percentage Change 

Circulating 


Postoper. 

Hematocrit 

Chlorides 

Protein 

Volume 

of Volume 

Plasma 

Dog No. 

Day 

Cc./lOO Cc. 

M.Eq./L. Gm./lOOCc. 

in Cc. 

Plasma 

Thiocyanate 

Protein 

C-1* 

0 

42.6 

115.5 

5.75 

600 





1 

48.7 


7.86 






2 

51.4 

98.5 

9.25 

417 

-30 

-28 

+ 12 

C-2* 

0 

49.7 

109.1 

5.78 

836 





2 

59.1 

88.1 

8.70 

450 

-46 

-21 

-19 

C-3* 

0 

40. S 

112.0 

8.20 

868 





I 

45.2 

97.0 

9.45 

692 

-20 

-10 

- S 

C-4* 

0 

38.0 

114. 1 

6.24 

591 





I 

44.2 


7.30 

538 

- 9 

-15 

+ 7 


2 

45.6 

113.3 

8.03 

539 

- 9 

- 8 

+ 17 

C-5* 

0 

47.5 

111.2 

6.63 

935 





1 

50.8 

101.3 

6.92 

785 

-16 

— 5 

-12 


2 

51.8 

97.2 

7.97 

745 

-25 

- 6 

- 4 

C-6* 

0 

42.4 


6.86 

1148 





1/3 

44.6 


7.64 






1 

45.3 


8.02 

866 

-25 

- 7 

-12 


2 

45.2 

87.9 

8.71 






3 

45.3 

73.6 

9.23 

760 

-34 

-11 

-11 

359t 

0 

33.2 

111.2 

6.43 

865 



. 


1 

46.0 

103.6 

7.33 






2 

50.7 

99.0 

8.81 

630 

-27 

-30 

0 

360t 

0 

49.4 

112.0 

6.80 

637 





1/2 

57.5 

106.7 

7.78 






1 

65.0 

102.3 

9.36 

498 

-22 

-25 

+ 7 


1 1/2 

61.5 

105.7 

9.50 






*Dog killed. Autopsy showed no pathologic evidence of shock. 
tDog allowed to go on to death. Autopsy showed pathologic changes characteristic of shock. 


Although the hematocrit and plasma protein concentration indicated 
dehydration, they did not reflect the actual loss of the plasma volume. The 
electrolyte loss as indicated by the chloride level in this series varied widely, 
but could be correlated quite well with the extent of vomiting. 


Table II 

BLOOD STUDIES OF DOGS IVITII JEJUNAL OBSTRUCTION 


Percentage 
Change in 




Hemato- 


Plasma 


Percentage 

Total 




crit 

Plasma 

Protein 

Plasma Change of Volume 

Circulat- 



Postoper. 

Cc./lOO 

Chloride 

Gm./lOO Volume 


Thio- ing Plasma 


Dog No. 

Day 

Cc. 

M. Eq./L. 

Cc. 

in Cc. 

Plasma 

cyanate 

Protein 

Remarks 

316 

0 

43.5 

110.0 

5.94 

565 




Food and water pei- 


1 

55.8 

98.1 

7.78 





mitted. Obstruction re- 


2 

57.0 

80.1 

8.40 

431 

-24 

-16 

+ 8 

leased after 3 days. 


5 

41.2 

96.7 

5.67 

538 

— 5 

+ 1 

-10 

I. V. norm, saline given 


40 

41.5 

108.6 

6.46 

570 

+ 1 

0 

+ 9 

(750 cc. X 2). 

42-9^- 

0 

46.0 

108.4 

5.95 

835 




Dog took very little 


3 

63.0 

107.1 

8.71 

578 

-31 

-30 ' 

+ 1 

food and water. Died 


4 

61.6 

108.1 

8.02 

795 

- 5 

-19 

+29 

30 hours after last 


5 

63.2 

110.7 

7.93 

710 

-15 

-23 

+ 13 

studies. 


*Dog allowed to go on to death. Autopsy showed pathologic changes characteristic of shock. 

In Table II the findings on two dogs with high jejunal obstruction are 
shown. They reacted much like the dogs with pyloric obstruction, and here 
the rapidity of dehydration again depended largely on the amount of vom- 
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iting. In Dog 316 ph)^siologic saline was given and the obstruction Avas 
released after three days, and tlie animal eventually showed a return to 
normal. 

Table III 

BLOOD STUDIES OE DEUYDRATEI) DOGS WITH ILEAL OBSTRUCTION 

Percentage 
Cliange in 




Hemato- 


Plasma 


Percentage 

Total 




crit 

Plasma 

Protein 

Plasma Change of Volume 

Circulat- 



Postoper. 

Cc./lOO 

Chloride 

Gm./lOO A^olumc 


Thio- 

ing Plasma 

Dog No. 

Day 

Cc. 

M. Eq./C. 

Cc. 

in Cc. 

Plasma 

cyanate 

Piotcin 

Remarks 


0 

4 1 . .3 

108.6 

6.46 

.370 




Food and water pel - 


3 

46.7 

99.9 

7.83 

532 

- 7 

-1.3 

+ 13 

mitted but largely re- 


6 

41.7 

96.6 

7.04 

539 

— 5 

-22 

+ 3 

fused after 3 days. 


9 

.39.7 

95.9 

6.90 

482 

-1.3 

-22 

-10 

Low ileal obstruction. 


12 

3.3.9 

97.0 

6.61 

47.3 

-17 

-23 

-1.3 


.n9i- 

0 

37.6 

110.8 

.3.62 

65.3 




Given 500 cc. saline 


3 

44.1 

107.0 

6.. 38 





after blood studies on 


4 

35.2 

106.6 

5.69 

495 

-2.3 

-15 

-23 

3d day. Low ileal obstr. 


0 

44.5 


6.29 

637 




Very little food and 


2 

47.5 

101.4 

7.11 





water permitted. High 


3 

16.4 

91.6 

6.71 

.383 

- 9 

-15 

- 2 

ileal obstruction. 


4 

46.1 

91.9 

6.92 

502 

-21 


-13 


3d8t 

0 

16.2 

112.6 

5.83 

850 




A^ery little food and 


2 

47.6 

107.6 

6.09 

670 

-21 

- 8 

- 8 

water permitted. High 


4 

46. 1 

111.7 

6.02 

648 

-24 

-16 

-13 

ileal obstruction. 

.339t 

0 

60.0 

109.2 

6.03 

870 




Food and water pei- 


3 

63.2 

85.0 

7.65 

432 

-50 

-18 

-37 

mitted. Midileal ob- 


3 1/2 

67.1 

78.8 

8.85 





struction. 

42-101 

0 

55.5 

105.2 

5.70 

749 




No food and watei. 


2 

.37.0 

113.4 

7.05 

698 

- 7 

- 2 

+ 15 

Low ileal obstruction. 


3 

58.0 

111.5 

7.86 

655 

-13 

-12 

+21 



2 

.34.4 

113.4 

5.97 

657 

-3.3 

-24 



12-131 

1 

35.7 

11.3.6 

6.55 

705 

-28 

-27 


Given no food and very 


7 

40.4 

122.0 

7.14 

674 

-31 

-33 


little water. Dog con- 


10 

41.6 

123.9 

7.89 

599 

-39 

-36 


sumed own vomitus. 

^Dog killed. Autopsy showed no pathologic evidence of shock. 





(Dog allowed to go on to death. .Autopsy showed pathologic changes of shock. 

In Table III the results are shown in seven dogs with ileal obstruction. 
In most instances the experimental A'^alue for the hematocrit and plasma 
protein concentration indicated directional changes in the plasma volume 
when compared with the control levels, but rarely did they indicate quanti- 
tative changes. The plasma volume again varied Avidely (-7 to -50 per 
cent) depending on the amount of food and water consumed and, thus, 
the associated vomiting. The plasma chloride concentration in Dogs 337 
and 339 was Ioav because of extensive vomiting and normal or high in Dogs 
338, 42-10 and 42-13 in Avhich practically no Ammiting occurred. The de- 
crease in the total circulating plasma proteins Avas often great, although 
in no instance was this discernible from the plasma protein concentration. 
In Dogs 316 and 42-13 vomiting was infrequent and 'there Avas little evi- 
dence of distention. In such animals, as the survival period was more 
prolonged, the hematocrit and plasma protein concentration were even less 
i-eliable indices of the extent of dehydration because of the efifect of mal- 
nutrition. 

The findings in animals Avith colonic obstruction are presented in Table 
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Table IV 

BLOOD STUDIES OE DOGS WITH COLONIC OBSTRUCTION 


Percentage 
Change in 



Hemato- 


Plasma 


Percentage 

Total 



crit 

Plasma 

Protein 

Plasma Change of Volume 

Circulat- 


Postopei . 

CC./100 

Chloride 

Gm./lOO Volume 


Thio- ing Plasma 

Dog Xo. Day 

Cc. 

M. Eq./L. 

Ce. 

in Cc. 

Plasma 

cyanatc 

Protein 

Rei^arks 

0 

48.7 

106.0 

6.66 

785 




Food and water per- 

i 

50.2 

97.9 

7.38 

750 

- 4 

0 

+ 6 

mitted. 

.ni* 0 

47.2 

113.3 

5.92 

607 




Food and water per- 

.T 

45.9 

105.3 

5.58 





mitted. Vomiting not 

.S 

4.1.2 

10.1. 1 

5.41 





marked. 

s 

44.0 

97.4 

5.66 

583 

- 4 

- 9 

- 8 


1 1 

40.8 

94.3 

5.31 

526 

— 1 3 

— 7 

-22 


12 

45. 1 

102.0 

5.58 






.051 0 

51.6 

103.6 

6. 76 

812 




F'ood and water per- 

2 

5.1.0 

98.4 

6.73 





mitted. Vomited last 

.s 

50. 7 

97.2 

6.40 





6 days and refused 

8 

54.2 

87 . 5 

6.53 

640 

-21 

-13 

-24 

feedings. 

1(1 

53.0 

81.6 

6.49 

618 

-24 

- 8 

-27 


1.1 

52.5 

80.9 

8.04 

445 

-45 

-27 

— 35 


-)2-7t 0 

47.6 

105.2 

6.58 

600 




Dog permitted fooJ 

3 

51.0 

97.4 

7.32 

578 

- 4 

0 

+ 7 

and water. 

7 

50.0 

93.7 

6.21 

568 

— 5 

-12 

-12 


10 

53.8 

86.8 

6.03 

558 

— 7 

-12 

— 15 


14 

55.2 

77.5 

5.37 

392 

-35 

-IS 

-47 



*Dog killed. Autopsy .showed no pathologic evidence of shock. 

tDog allowed to go on to death. Autopsy showed pathologic changes characteristic ol shock. 


IV. In this series it can be seen that the hematocrit and plasma protein 
concentration are not reliable indices of the plasma volume change owing 
largely to the effect of malnutrition. The extent of malnutrition in such 
animals can be best evaluated by the decrease in the total circulating plasma 
proteins (column 9). The fall in the plasma chloride level can be seen to 
be quite marked, especiall}^ in the last two dogs in this series, in which 
vomiting during the last five to seven days of life was quite extensive. 

These animals were permitted to have food and water which they in- 
gested freely for six or seven da3^s. Vomiting was rare during the first 
week of illness and during this time the plasma volume studies showed little 
change. During the second week, the loss of fluids and electrolytes was 
more marked, and apparently because of this and also because of a dimin- 
ished intake there was a precipitous fall in the body water. The plasma 
volume changes can be seen to vary from —4 per cent to -45 per cent and the 
“available (thiocyanate) fluid” volume from o per cent to —27 per cent. 

Because of the associated malnutrition in this colonic series, it was 
decided to stud}'’ animals that did not have intestinal obstruction but from 
which food and water were withheld, thus evaluating the effects of starva- 
tion. The results on four such animals are shown in Table V. The plasma 
volume showed decreases of from 15 to 30 per cent in from three to seven 
days, and the “available (thiocyanaite) fluid” decreased from 4 to 20 
per cent. 

The hematocrit and plasma protein concentration again did not reflect 
the plasma volume loss in a quantitatiA^e manner ; in fact, the experimental 
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Table V 



ULOOU STUDIES 

or DOGS 

ERUM WHICH 

Foon ANn 

WATER WERE WITHHELD 




Plasma 

Plasma 

Plasma 

Percentage Change 

Percentage Change 

Dog 

Days of 

Hematocrit 

Chloride 

Protein 

Volume 

of Volume 

in Total Circulating 

No. 

Starvation 

Cc./lOO Cc. M. Eq./L. Gm./IOOCc. 

in Cc. 

Plasma Thiocyanate 

Plasma Proteins 

J59 

0 

31.9 

111.8 

6.20 

865 




3 

33.8 

111.0 

6.53 

737 

-15 -16 

-10 


4 

33.7 

111.5 

6.37 




358 

0 

36.7 

110.2 

6.02 

647 




2 

39.6 

110.8 

6.25 





4 

40. 1 

111.8 

6.07 

528 

-18 - 4 

-18 

352 

0 

49.2 

106.0 

7.14 

713 




0 

55.5 

113.0 

6.99 

498 

-30 -15 

-32 


8 

50.0 

110.0 

6.15 




338 

0 

42.1 

114.6 

5.81 

850 




5 

51.4 

121.4 

6.36 





7 

52.9 

121.2 

6.41 

600 

-29 -20 

-22 

k'alues were 

frequently 

about 

the same 

as the 

control levels. 

The loss in 


total circulating plasma proteins due solely to malnutrition was great (lo 
to 32 per cent). The plasma chloride levels were normal or slightly high, 
and yet because of the diminished extracellular fluid volume the total body 
electrolytes were lower following the period of starvation than in the control 
period. 

CoM>tENT. — It seems pertinent, first of all, to enumerate the possible 
ways in which body water in intestinal obstruction might be diminished. 
Probably the most frequent cause for reduction is a diminished or inade- 
quate fluid intake. As shown by the experimental work represented in 
Table V, animals which receive inadequate amounts of food and water may 
show decreases in body fluids which are great. This must also occur 
frequently in human ijatients to a varying degree. During the starvation, 
or reduced intake period, the elimination of body water continues, and, 

^ although the amount might be diminished, fluid is lost through the lungs, 
sweat glands and kidneys. 

The second most frequently seen cause for a reduction of bod)*’ water is 
abnormal losses. In cases of intestinal obstruction this occurs largely owing 
to vomiting. As Peters'^ has repeatedly pointed out, the amount of vomit- 
ing is largely dependent on the intake of food and liquid. When fever is 
present, the loss due to sweating might be quite signifleant, and, occasionally, 
when the obstruction is partial, diarrhea may occur and contribute to the 
fluid loss. Naturally, gastro-intestinal secretions which accumulate above 
the point of obstruction or arc removed by intestinal intubation might be 
considerable and frequently constitute as great a loss, if not greater, than 
fluid which is lost during emesis. 

The diminution in body water by the two processes (decreased intake 
and increased output) thus may result in great decreases in plasma and 
interstitial water. The deficit of plasma proteins results largely from an 
insufficient caloric and nitrogen intake and an associated break-down of tissue 
proteins. Animals,® and patients,®- have been shown to be in a rather 
marked degree of negative nitrogen balance, especially during the early 
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periods of slarvalion. and when fever and infection are present, 'j'he 
cliaiige in the amount of total circulating plasma protein thus must depend 
largely on the degree of reduction in the nitrogen intake, the rate of 
destruction of plasma and other tissue proteins, and the reserve stores 
present at the onset of illness. The electrolyte loss may also be of con- 
siderable importance. If vomiting occurs or gastro-intestinal drainage is 
instituted, a significant decrease in the body electrolytes may result. As 
has been previously pointed out, such an electrolyte loss may lead to severe 
alkalosis if gastric secretions are lost, or to acidosis if duodenal fluid is lost, 
and thus cause a shift of fluid from the plasma and interstitial spaces where 
it is greatly needed into the intracellular compartments.^'* When sodium 
is lost from the body, the plasma and the interstitial fluids are temporarily 
in an hypotonic state. To restore equilibrium two mechanisms operate : 
First, urine is excreted which has a low concentration of electrolytes; and, 
secondly, water passes from the extracellular phase into the intracellular 
compartment. Thus, when a primary electrolyte loss occurs, a diminution 
in the extracellular volume may occur due both to water loss in the urine 
and a water shift into the tissue cells.^** 

It should be stressed that the degree of body water loss can rarely be 
estimated from the plasma chloride concentration. In the various types 
of intestinal obstruction studied in this series at least one animal in each 
.group (pyloric, jejunal, ileal and colonic) showed severe electrolyte loss as 
demonstrated by the plasma chloride concentration. However, as Mclver 
and Ganible^^ pointed out, in 1928, the loss of bile and intestinal fluid con- 
laiiiing approximately the same amount of fixed base (sodium) and chloride 
as does plasma may occur. Such a loss will produce a reduction in the 
total amount of body electrolytes and a diminution in the plasma and inter- 
stitial fluid without altering the plasma chloride or bicarbonate concentra- 
tions. Thus, in some of the animals reported, a reduction of fluid and 
electrolytes occurred even though the plasma concentrations were high or 
normal. For example. Dogs 42-9 (Table II) and 42-13 (Table III) had 
extracellular fluid volume losses amounting to about one-third of their 
volume, and without any electrolyte loss one would expect a rise in the 
plasma chloride level to around 150 M. Eq. per liter. This does not occur 
normally because of the ability of the kidneys to excrete the excessive elec- 
trolytes and thus maintain the body fluid in an isotonic state and preserve 
a normal acid-base balance. However, when dehydration becomes severe, 
the body cannot suppl)^ adequate amounts of water for the formation of 
urine, or if kidney damage intervenes prior to this, a rise in the blood 
nitrogenous products, in the plasma chloride concentrations, and even oc- 
casionally in the total base (sodium or bicarbonate) occurs. 

Besser,^® in 1940, reviewed the literature on intestinal obstruction, and 
summarized an earlier paper by Elman and Hartmann, in which they 
stated that low (ileocecal) obstruction in onl}'^ rare instances caused death 
by changes in body fluids which resulted in circulatory and renal insufficiency 
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due to dehydration. Such work assumed that the extent of body fluids 
was unaltered because the concentrations of various blood constituents re- 
mained normal. As pointed out above, the blood chemistry may be normal 
even though dehydration is severe. The actual extent of electrolyte loss or 
gain can be estimated only by determining the total loss of circulating 
plasma chloride and interstitial fluid chloride levels and not by the changes 
in the plasma concentration. 

The third cause for a reduction in the olasma volume is distention of 
the gastro-intestinal tract. As Gendel and Fine^® have shown, the loss 
of plasma might be great and might account for death per se. Gatch and 
Battersby^® have also pointed out that the loss might be large by this avenue 
and the damage to the vascular bed might be irreversible so that even with 
relief of the distention body water continues to be lost. 

Aird,“° using the vital red method for determining the plasma volume, 
states that the blood volume in some experimental animals with intestinal 
obstruction is depleted before death but says “this occurs only when in- 
testinal distention is extreme.’’ This view is not entirely in keeping with 
our 'data for several reasons: First, many of the animals reported in this 
paper, which showed moderate to large reductions in their plasma volume, 
were killed after the determinations were made, and autopsy showed little 
evidence of distention. Secondly, the results obtained in the animals which 
were not permitted to have food and water showed that the plasma volumes 
could be decreased significant!}^ (30 per cent) without vomiting or disten- 
tion being present. Therefore, it would appear that while distention is an 
important factor and may cause a rapid loss of plasma, the same may occur 
over a longer period in its absence. 

Fine and Gendel-^ also have stated “that when, and if dechlorination 
occurs in the course of intestinal obstruction it is by no means a crucial 
factor in the lethal effects of obstruction.’’ In another publicatioiF^ they 
stated that “as the plasma volume falls the hematocrit rises. This increase 
in hematocrit is far greater than can be explained by dehydration, however 
severe,” They also concluded that dehydration and electrolyte imbalance 
are not responsible for the greater part of the plasma loss. 

This was undoubtedly true in their series, but it should be remembered 
that they studied intestinal distention per se over a period of hours rather 
than days, and that the effects of dehydration as seen in our animals could 
not be found in short-term experiments. Granted that distention alone can 
produce large alterations in the plasma volume and that it might often be 
the most important factor, it should also be borne in mind that just as 
great alterations in the plasma volume in intestinal obstruction can occur in 
its absence, due solely to dehydration and can also lead to just as serious 
results. 

To lend further support to this view, Davis”® has shown that by the 
injection of 25 per cent salt solution subcutaneously, all the pathologic find- 
ings of shock might be produced. Several such experiments were repeated 

46 



Volume 117 
Number 1 


INTESTINAL OBSTRUCTION 


by us, and in each instance there was a marked progressive rise in the 
hematocrit and plasma protein concentration and, immediately after death, 
autopsy revealed the pathologic findings of shock. These animals showed 
various side-effects which are usually not seen in shock, such as twitchings 
of all extremities, even to the point of convulsions, and extremely high 
temperatures (rectal temperature in one animal, taken repeatedly for several 
hours prior to death, varied fi*om 43° to 44.5°C.). On the other hand, 
dehydration produced by injecting 5 per cent glucose in distilled water (100 
to 200 cc. per kilogram of weight) intraperitoneally, as described originally 
by Darrow and Yannet,-^’ will produce a marked lowering in the plasma 
volume.^^ If the animals are dehydrated sufficiently, all the pathologic 
changes of shock are present at death. These animals show the signs and 
symptoms characteristic of shock (cold extremities with a low temperature 
and hemoconcentration with a diminishing plasma volume). 

The fourth factor which might lead to a diminution of the effective blood 
volume in intestinal obstruction occurs when strangulation of a loop of 
intestine takes place. Unpublished data,"^' from this laboratory, showed 
hemorrhage to occur into the intestine of several such animals, although 
occlusion of the blood supply to the obstructed loop was produced in each 
instance. Also serosanguineous peritoneal fluid was present. Factors which 
have been enumerated above (starvation, vomiting, and distention) un- 
doubtedly also occur in patients when a loop of bowel becomes incarcerated 
or strangulated. In human patients an even greater difference might be 
encountered than is seen in the experimental animal, probably because of 
the wide variation in the degree and duration of strangulation or incar- 
ceration, and also because of diflferences in the degree of early vascular 
impairment. Gatch and Culbertson-^ have shown that the blood supply to 
a distended loop will be impaired if the distention is great enough. On 
the other hand, in patients the vascular supply might possibly be greatly 
reduced prior to the time distention occurs (volvulus or herniation of a 
loop). Thus, in strangulation, impairment to the blood supply of the 
affected loop undoubtedly occurs if the condition progresses far enough. 
It might take place early in some cases (mesenteric vessels occluded) or 
later in others (when distention takes place and the smaller vessels in 
the bowel wall are affected). When the mesenteric vessels are involved, 
hemorrhage may occur either into the obstructed loop or above or below it. 
Thus hemorrhage might occasionally be an additional factor in reducing 
the volume of circulating blood. 

An attempt should be made to try to differentiate between a loss of 
plasma water and a loss of plasma protein. In starvation and vomiting 
there is initially just a loss of fluids and electrolytes. Malnutrition and 
an increased rate of catabolism (due to fever, infection, etc.) may reduce 
the body proteins and then, terminally, when the circulation is greatly im- 
paired, there might also be an actual loss of protein through the capillaiy 
walls. Gatch and Battersby^^ haA’^e shown that in gastro-intestinal dis- 

47 



ABBOTT, MELLORS AND A[UNT\VYLER Annah of Surucry 

•Tanuary, 194 ^ 

lention, plasma water and proteins are lost, and certainly this also occurs 
in strangulation with or without hemorrhage, [n a recent publication, 
Bowers^^ pointed out the degree of plasma protein loss which might occur 
in experimental appendicitis with peritonitis. While it has been known 
for some time that protein is lost with the formation of sterile or infected 
exudations, this possibility should also be kept in mind in intestinal ob- 
struction. In several animals, which were not included in this series, 
because a second operation was performed to relieve the obstruction, 
purulent fluid, which contained a large amount of protein, was found in 
the peritoneal cavity at autopsy. Thus, in the presence of infection or 
gangrene in cases of intestinal obstruction, plasma water and proteins might 
decrease quite markedly. The severity of the symptoms or the rapidity of 
death from intestinal obstruction, therefore, depends on the number of 
factors which enter into the picture. In this paper the cause of death 
due to absorption of so-called toxic products has not been dealt with. 
While it is conceivable that such products might possibly exist, and even 
produce serious effects, it is believed that sufficient evidence has been pre- 
sented to show that death can occur in intestinal obstruction at various 
levels purely from an excessive loss of body water and, hence, impairment 
to the vascular system (with or without renal dysfunction). 

In the animals reported, wide rfariations in the hematocrit, protein con- 
centration, and total circulating plasma protein levels occurred. Because 
of this, as 'has been previously stated elsewhere,’*’’ it is believed that 

in most instances the hematocrit and plasma protein concentration, while they 
might show directional changes, cannot be employed to estimate quantitatively 
alterations in the plasma volume. It has been shown that the longer the 
period of malnutrition, the more inaccurate these levels become. 

Many of the results in these animals were included in a previous publi- 
cation^” to lend support to the theory that contrary to the previous belief,””’ 
the plasma volume is not maintained initially at the expense of the inter- 
stitial fluid, and, thus, alterations in the hematocrit and protein concen- 
tration might be indicative of early as well as late changes. 

In the treatment of intestinal obstruction all factors should be kept in 
mind. If this be done, and treatment is carried out accordingly, the 
mortality rate would then largely depend on whether or not irreversible 
changes had occurred (severe distention, gangrene or infection). In the 
event large amounts of plasma proteins are lost, it is easy to see why 
physiologic saline alone is of little value in restoring body fluids. It has 
been suggested that, because saline would not greatly prolong life in low 
intestinal obstruction, there was little electrolyte and fluid imbalance in 
such cases. This is obviously not true, unless exact replacements of saline, 
plasma, and whole blood were carried out daily and their rapid loss (due 
to infection, distention or hemorrhage) prevented. Then, in the event that 
death occurred and autopsy showed the typical pathologic findings, such a 
statement would be possible. 
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The gross and microscopic examination at autopsy showed the same 
pathologic findings in the animals which went to death as those described 
by iNloon and iMorgan'-- (hemorrhagic changes in the lungs, submucosal 
intestinal hemorrhages, etc.). In no instance were such findings seen in the 
animals killed prior to death even though in some cases dehydration was 
severe. Such pathologic changes must, therefore, occur as a terminal event. 

SUMMARY 

The reduction of body water in intestinal obstruction might occur in one 
or more of (he following ways : 

1. Reduced intake. 

2. Excessive loss (or normal loss and restricted intake). 

a. Vomiting. 

b. Perspiration. 

c. Urinary. 

d. Diarrhea. 

3. Distention. 

4. Strangulation. 

a. With or without hemorrhage. 

b. Transudation of fluid. 

5. Infection. 

a. Exudation of fluid. 

Any one of the aforementioned items may cause death due to a peri- 
pheral vascular collapse, if allowed to progress for sufficient time, but 
more commonl}^ in intestinal obstruction at least two or more are present. 

A decrease in the body protein might result owing to : 

1. Reduced intake of food. 

2. Excessive destruction. 

3. A loss of -whole blood or plasma from the vascular system. 

Because of such decreases, the hematocrit and protein concentration can- 
not be employed to estimate quantitatively the reduction in the plasma volume. 

The wide variation in the signs, symptoms and course of clinical cases 
depends on the severity and number of the previously mentioned factors, 
and the degree and type of treatment. Success in treating patients would, 
therefore, depend on the recognition of the causes of loss of body water 
that exist and the restoi'ation of these to normal (the correction of fluid 
and electrolyte balance and the replacement of the plasma protein loss). 
This cannot be accomplished if distention, vascular damage and infection 
cannot be corrected. Thus, it is evident that physiologic saline, plasma, or 
whole blood will continue to leak out of the vascular system unless the 
cause for the loss can be removed. 

CONCLU.SIONS 

I. Evidence has been presented to show that dehydration resulting from 
intestinal obstruction (pyloric, jejunal, ileal or colonic) may be severe 
enough to cause death in itself if the condition exists for a sufficient time. 
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2. 1 he amount of gaslro-intestinal fluid lost varies greatly, depending 
on the level and degree of obstruction, and the amount and frequency 
of vomiting. The body water deficit, usually resulting from a diminished 
intake and an excessive loss, may be greatly accelerated when distention, 
strangulation, hemorrhage or infection occurs. 

3. The rapidity of body water loss depends on the number of causes 
present and the severity of each. This explains the wide variation seen in 
the course of the disease in patients with intestinal obstruction. 

4. The success of the treatment depends largely on the completeness 
with which the body water can be restored and on the prevention of 
further losses. 

5. The hematocrit, plasma protein level, and the plasma chloride con- 
centration cannot be employed to estimate quantitatively the decrease in 
the plasma volume. 

6. The deficit in total circulating plasma proteins might be considerable 
in cases of intestinal obstruction, especially in those cases of long dura- 
tion, and this loss is usually masked by hemoconcentration, and, thus, 
cannot be recognized by the plasma protein concentration. 
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Whipple’ has recently stated: “it is our belief that the plasma proteins 
take an active part in the internal protein metabolism of the body, that 
they are built up rapidly, used in the body economy freely, and serve to 
supply practically all of the protein requirements of the cells of the body.” 
The importance of hypoproteinemia in surgical patients has been stressed 
repeatedly.-’ ’ It is well known that many complications may develop in 
the postoperative period as a result of hypoproteinemia and that these may 
be prevented frequently by adequate prophylactic and therapeutic measures. 
We have previously pointed out that the fundamental causes of this de- 
ficiency state may not be known definitely although the liver has a role 
of great importance in maintaining an adequate level of the plasma proteins. 
However, there are many factors associated with, or related to, operative 
procedures which have a profound effect on the concentration of the idasina 
proteins. The presence of low plasma protein concentrations should be 
taken as an indication of a profound nutritional disturbance and the local 
manifestations, while important in themselves, assume greater importance 
as an indication of depletion of the reserve stores of protein and a general 
metabolic disturbance. These changes render the patient especially sus- 
ceptible to infections and toxins. The present study is an attempt to de- 
termine : ( I ) The incidence of hypoproteinemia associated with operations, 
and the relationship to various procedures; (2) the factors which influence 
changes in plasma proteins; (3) the relationship between liver disorders 
and hypoproteinemia; and (4) methods of preventing and treating hypo- 
proteinemia. 

METIIOD.S OF .STUDV 

A series of 215 surgical patients have been included in this study. These 
cases were selected from the surgical services of the Hospital for Joint 
Diseases as they were admitted, no attempt being made to segregate or select 
specific cases. Preoperative determinations of the total plasma proteins and 
hematocrit were made on every patient in addition to other blood chemical 
studies which were done when indicated. Blood specimens were taken 
postoperatively at 12- or 24-hour periods depending upon the nature of the 
case, and these specimens were examined for total plasma protein and 
hematocrit reading. The specimens, when practicable, were drawn early 
in the morning and no blood was taken while intravenous fluid was being 
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administered, except in emergencies. At, a rule, parenteral fluids had been 
discontinued for at least two to four hours before the blood was withdrawn. 
Occasionally it was not possible to discontinue the administration of fluid. 
In these cases the rate of administration was slowed as far as possible and 
the blood drawn from the opposite arm. Fluid at all times was administered 
in volume and amounts calculated to maintain or restore normal fluid 
and electrolyte balance. The blood samples were drawn into Sanford-Magath 
hematocrit tubes containing i mg. of heparin. The technic of Scudder,^'*-'^ 
as outlined in his monograph on blood studies in shock, was followed in 
detail. The hematocrit tubes were centrifuged for one hour at 2500 revolu- 
tions per minute and the hematocrit read. The supernatant plasma was 
then used for determination of the total plasma protein, using the falling- 
drop method (Hamilton, Barbour apparatus). Three determinations were 
carried out on each sample and if a variation of over 0.2 Gm. was observed, 
the sample was discarded and the entire procedure repeated. This method 
was selected because of the rapidity of determination which it makes possible. 
While this does not give the protein fractions, it serves as an adequate 
guide in surgical cases, inasmuch as the albumin fraction is usually the 
variant and the globulin fraction varies little and is of slight significance 
from a surgical viewpoint. 

The importance of plasma volume determinations particularly in the 
estimation of protein resen^e is well recognized, but we have not carried 
out these studies because the procedures are time-consuming and not well 
adapted to clinical routine. We feel that frequent determinations of blood 
concentration and plasma proteins afford sufficient check for routine use. 
The significance of increasing hemoconcentration (as indicated by an ele- 
vated hematocrit reading) is well recognized as diagnostic of certain type 
of shock, dehydration, and decreased blood volume, but the equal importance 
of diminished blood concentration should not be overlooked. This may be 
associated with shock, as well as with hemorrhage and may also indicate 
decreasing circulating blood volume. Careful attention to the results of the 
hematocrit and plasma protein determination is sufficient, we feel, to act as 
a guide for therapy. 

In addition, in a selected group of patients, determinations of liver func- 
tion were made by the hippuric acid excretion test." This is performed as 
follows: The fasting patient is given 1.77 Gm. of sodium benzoate in 20 cc. 
of distilled water intravenously after having emptied the bladder. Two 
glasses of water (500 cc.) are given to the patient and the urine collected 
in exactly one hour, catheterization being employed if necessaiy. The 
content of hippuric acid in the urine is determined by the Quick method. 
Values of one gram or over are considered normal. We have used this test 
on several hundred patients and feel that it is probably the best single test 
foi determination of liver function. This is particular!}' true in the non- 
jaundiced patient and in those with mild degrees of liver damage such as 
ma} be found associated with chronic gallbladder disease or thvrotoxicosis. 
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Many others have testified to the value of the hippuric acid test in determining 
the ability of the liver to withstand operative procedures.'’’’ ® This function 
test measures the ability of the liver to synthesize amino-acetic acid. This 
is a very delicate function and one for which the liver has little or no 
reserve. It, therefore, enables us to detect very slight alterations in liver 
physiology. 

Following the operative procedures, determinations of plasma proteins 
and hematocrit were made immediately and at intervals of 12 to 24 hours 
until the patient had completely recovered. The determinations were re- 
peated for this period because it was noted that many cases developed a 
secondary or delayed drop after having once returned to normal. 

TYPE OF OPERATIONS 

There are many factors which influence the level of the plasma proteins 
and it is obvious that there will be diflferent degrees of variation as a result 
of different operations. Among the immediate causes of plasma protein 
depletion are operative shock and blood loss. Other causes not so im- 
mediately apparent are : The previous nutritional state of the patient and 
the protein reserve; the degree, if aii}’^, of liver damage; and the effect 
of anesthesia, which may operate through its effect on the blood volume 
directly or on the liver. 

Coller,” and others, have shown that blood loss under ordinary cir- 
cumstances varies according to t3'pe of operation. The amount of blood 
lost during a hernioplasty or appendicectomy may be no more than 100 cc., 
while during a radical breast amputation it may total 1000 cc. Similarl)^ 
degrees of operative shock may var}'. Handling of intestines may cause 
a marked degree of plasma loss from the vascular channels, and operations 
on bones or extremities may cause a similar loss. These two factors, blood 
loss and shock, will cause an immediate loss of plasma proteins and a 
decrease in the protein level of the plasma. Since most patients have a 
large reserve of proteins for plasma protein regeneration the deficit will 
soon be corrected if, indeed, in the interval it has not been restored by 
whole blood or plasma transfusions. In patients who come to operation 
in a poor nutritional state as a result of vomiting, diarrhea, dietary restric- 
tions, or other causes, the reserve proteins may have been depleted. In 
addition, this malnutrition may have affected the liver so that the synthesis 
of stored protein into plasma protein is impaired, and the result will be 
prolonged low levels of plasma proteins. 

In order to evaluate propeidy the results obtained in this study, the 
figures were subjected to a careful statistical analysis. It is well known 
that the larger the group of patients under consideration, the more significant 
will be the results. The significance of a given set of figures is usually 
determined by the calculation of the standard error and the relative deviate. 
This standard error is commonly designated by o- (sigma), and is a measure 
of the amount that a given percentage could vary due to experimental error 
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or chance alone. In Table I. this column of figures is based on the percentage 
of cases showing a fall in proteins for the whole group and the size of each 
particular group. 

The relative deviate is the ratio of x to a, where x is the difference 
between the percentage observed for a particular group and the overall 
percentage for all groups, and a is the standard error. It is common sta- 
tistical practice to take a relative deviate of 2.5 as the limit of significance 
because this represents the point beyond which an observed percentage 
could be expected to be only one per cent of the time, or once in a hundred 
similar experiments, due to chance alone. When an observation is such 
that it could be expected to be due to chance only once in 100 experiments 
the inference is that it is not the result of chance variation but that it is 
the result of a set of characteristics or conditions which make the group 
under consideration different from the other groups or from the average of 
the other groups combined. This is what is meant by a significant difference. 

Table I 

INCIDENCE OF POSTOPERATIVE DECLINES IN PLASMA PROTEINS IN VARIOUS TYPES OF OPERATION 

Cases with Fall in Proteins 

Standard Relative 




No. of 

No. of 


Error 

Deviate 


Type of Operation 

Cases 

Cases 

Per Cent 

( O' ) 

(X/ a ) 

1. 

Appendicectomy for acute appendicitis 

23 

16 

69.6 

9.65 

0.07 

2. 

Cholecystectomy for cholecystitis or cliolelitliiasis 

27 

22 

81.5 

8.91 

1.41 

3. 

Major procedure on the gastro-intestinal tract. . 

26 

26 

100.0 

9.07 

3.43 

4. 

Operations for acute abdominal emergencies .... 

19 

15 

79.0 

10.62 

0.95 


Hernioplasty for inguinal hernia 

18 

4 

22.2 

10.91 

4.28 

6 . 

Orthopedic operations 

34 

24 

70.6 

7.93 

0.21 

7. 

Thyroidectomy for Graves’ disease 

17 

12 

70.6 

11.23 

0.15 

8. 

Gynecologic operations 

29 

18 

62.1 

8.59 

0.79 

9. 

Miscellaneous operations 

22 

11 

50.0 

9.87 

1.91 


Totals 

215 

148 

68.9 

3.16 



On the basis of the foregoing, the results of a series of 215 cases were 
analyzed (Table I). Of these 148 patients (68.9 per cent) showed a sig- 
nificant fall (more than 0.5 Gm.) in their plasma proteins following opera- 
tion. A standard error of 3.16 per cent indicates that the observed per- 
centage could be expected to vary so that in repeated experiments with 
groups of 215 patients in only 95 experiments out of 100 it might be ex- 
pected to be between 62.6 and 75.2 per cent. This statement is based 
on the following assumptions : 

(1) That the cases represent a random sample of the conditions under 
discussion. No attempt was made to select particular patients and the 
cases were studied essentiall}' in the order in which they were admitted 
to the surgical wards. 

(2) That a fall in plasma proteins is an objective observation which is 
not subject to varjdng interpretation b}’^ different observers. No fall in 
protein was included unless it exceeded 0.5 Gm. Each blood sample was 
subjected to three plasma protein determinations and if the difference was 
greater than 0.2 Gm. the sample was discarded and another blood speci- 
men drawn. 
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(3) That the figure of 68.9 per cent represents the average of the various 
percentages which would be obtained in repeated experiments. While tliis 
is not necessarily true it is accepted because it is impossible to make a 
better assumption. 

In many of the patients the declines occurred despite blood or plasma 
transfusions at the time of operation. Occasionally the fall in proteins was 
to a subnormal level but more frequently the plasma protein level was 
considered normal, although from i to 2 Gm. below the preoperative level. 
A concomitant decrease in the hematocrit reading was frequently observed, 
particularly in those patients in whom the amount of blood lost at operation 
was excessive. Insofar as possible, this was corrected by appropriate fluid 
therapy. 

Of the nine different types of operations performed upon these 215 
cases, only the group of major gastro-intestinal operations showed a sig- 
nificantly higher incidence of protein loss than the group as a whole. The 
series of 26 cases is certainly large enough to indicate that a fall in protein 
will occur in operations of this type more frequently than in other opera- 
tions, although from a statistical point of view it is not possible to state 
that this fall must occur in every major gastro-intestinal procedure. 

The importance of these findings is obvious. Patients in this category 
have frequently suffered depletion of their reserve stores of protein prior 
to operation. Add to this a high incidence of significant protein loss as a 
result of operation, and a true hypoproteinemia frequently ensues. The 
clinical complications resulting from this state invariably contribute to a 
prolonged morbidity and an increased mortality. 

At the other extreme, hernioplasty showed an incidence of protein fall 
significantly different from the total group (relative deviate 4.28). In 
these cases we can expect a decidedly lower frequency of diminished protein 
levels. 

Cholecystectomy and operations for acute abdominal emergencies showed 
a higher percentage than the average (81.5 and 79.0 per cent, respectively). 
However, the relative deviates in these groups are below 2.5 and, therefore, 
it is not possible, statistically, to say that figures approaching these per- 
centages would be found in all similar groups of cases. Obviously a larger 
series must be studied. Further information can be obtained by correlat- 
ing these figures with those of liver function (Table II). This will be 
discussed subsequently. 

It is in these groups, in which the relative deviate approaches but does 
not reach a level that can be considered truly significant, that clinical judg- 
ment must be exercised carefully. In acute abdominal emergencies, the added 
factor of shock is so frequent that this group deserves the most careful 
preoperative and postoperative care. In patients undergoing cholecystectomy 
the status of the liver, not uncommonly damaged as a result of prolonged 
gallbladder disease, must be accurately ascertained. 

In all groups when the relative deviate is less than 2.5 the indication is 
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merely that for the size of tlie group the difference in percentage is not 
sufficiently large to be called significant. For example, considering the group 
of cholecystectomies, if the same percentage were to be found in a group of 
85 similar cases rather than in 27 cases, the diff’erence would be significant. 
Further studies are being conducted along these lines at the present time. 

One must realize that statistical evaluation is valueless without clinical 
judgment and a thorough a]ipraisal of the patient. Many factors resulting 
from the nature of the disease and the operative procedure, as well as from 
the nutritional status of the patient, must be considered in attempting to 
prognosticate the changes in the plasma jiroteins. Fur example,- a patient 
undergoing cbulecysiectomy or thyroidectomy in whom the various liver 


Taiii.i: II 


SUMMARY OF CASKS 

INCUUDKI) 

IN THIS 

SIUDY 




Total 

No. of Cases 

No. of Cases 


No. of 

No. of 

w'ith 

without 

Type of Operation 

Cases 

Cases 

Fall in Proteins 

Fall in Proteins 

1. Appendicectomy for acute appendicitis: 


23 

16 

7 

Nonperforated 

17 




Perforated 

6 




2. Cholecystectomy for cholecystitis or cholelithiasis 


27 

22 

5 

3. Major procedure on the gastro-intestinal tract; 


26 

26 

0 

Gastro-enterostomy 

8 




Gastrectomy 

6 




Intestinal anastamosis and enterostomy 

4 




Intestinal resection for carcinoma 

4 




Choledochostomy 

3 




Cholecystogastrostomy 

1 




4. Operations for acute abdominal emergencies: 


19 

IS 

4 

Ruptured peptic ulcer 

4 




Intestinal obstruction (gallstone) 

1 




Acute pancreatitis 

3 




Ruptured abdominal viscus 

I 




Strangulated hernia 

2 




Evisceration 

1 




Pelvic abscess 

1 




Subphrenic abscess 

2 




Celiotomy for peritonitis 

4 




5. Hernioplasty for inguinal hernia 


18 

4 

14 

6. Arthopedic operations; 


34 

24 

10 

Arthrodesis 

8 




Tendon operation 

6 




Arthrotomy 

,3 




Spine fusion 

10 




Open reduction of fracture 

1 




Osteotomy and bone resection 

6 




7. Thyroidectomy for Graves' disease 


17 

12 

5 

8. Gynecologic operations: 


29 

18 

11 

Vaginal plastics 

12 




Hysterectomy 

11 




Salpingo-oophorectomy for carcinoma and 





abscess 

6 




b. Miscellaneous operations: 


22 

1 1 

11 

Closure of colostomy stoma 

2 




Prostatectomy (1st & 2nd stage) 

5 




Resection of hypogastric plexus 

1 




Tumor of abdominal wall 

1 




Heinithyroidectomy for nontoxic goiter 

7 




Excision of thyroglossal cvst 

2 




Excision of parathyroid adenoma 

1 




Radical mastectomv 

3 




Totals 


215 

148 

67 
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function tests reveal deficient ■ liver activity must be expected to develop 
a sustained plasma protein deficit more often than one whose liver function 
is adequate. 

When a patient is debilitated as a result of the disease process, partial 
or complete intestinal or pyloric obstruction, prolonged dietary restrictions, 
draining biliary or intestinal fistulae, diarrhea or prolonged suppuration, this 
factor must be carefully evaluated. 

In other words, one must apply the statistical information obtained from 
these studies with due consideration of each patient as an individual problem. 

In Table II the various cases which made up the total are listed. This is 
included merely to indicate the type of case which more frequently suffered 
from loss of proteins, but no one group is large enough for statistical analysis. 

These studies are being extended now by the authors in a series of 
operations on laboratory animals. In dogs, for example, many factors are 
controllable which in the patient are subject to unpredictable variations. 
An attempt is being made to control the nutritional status, measure ade- 
quately the blood loss, control the nitrogen balance, and maintain blood 
concentration at a fairly constant level. We feel that these studies will 
supply further information unobtainable from the study of surgical patients. 

In general, it can he said that the occurrence and extent of plasma 
protein depletion following operations depend upon the interrelationship of 
various factors. Poor nutrition, poor liver function, severe anemia, shock, 
hemorrhage, and prolonged oi^erations, unfavorably influence the plasma 
proteins. Patients in good condition, undergoing operations such as hernio- 
plasty which are complicated by none of these factors, rarely exhibit any 
change in their proteins. 

The duration of the diminished concentration of proteins depends on 
many factors. Some of these will be discussed subsequentl}'^ (liver factor 
and amount of protein reserve). As a rule, the diminution was transitory 
and return to normal occurred within three or four days. Other cases 
showed prolonged low levels and intensive therapy was essential to restore 
the normal concentration. When the loss of plasma protein was due to 
blood loss or shock, the deficit was quickly restored, but when other factors 
came into play, the time was prolonged proportionate to the extent of the 
operating factors (see case reports). 

TiiK nOnn of blood loss and shock 

Every operative procedure is associated with some degree of blood loss. 
Usually this is insignificant, and even when fairly large amounts are lost, 
the deficit is quickly overcome. It seems apparent that a single hemorrhage 
of less than 500 cc. can be quickly compensated for and cause little or no 
change in the concentration of plasma proteins. Operative shock, on the 
other hand, resulting as it does, in diminished circulating blood volume and 
usually in hemoconcentration does cause alterations in the plasma proteins. 
A combination of both factors is responsible in most cases for a drop iu the 
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plasma protein concentration of from 0.5 to i.o Gin. in the inimediate 
postoperative period. This loss is quickly restored by the body in normal 
circumstances unless shock is severe or hemorrhage marked. When, however, 
the protein reserve has been depleted or the liver is damaged, restoration 
is delayed or absent and intensive therapy must be instituted. 


RELATION OF ANESTHESIA TO CHANGES IN PLASMA PROTEIN 
It is difficult to analyze the effect of one factor out of many on the plasma 
protein levels. Long operations requiring large amounts of anesthetic agents 
are also associated ver}’^ frequent^ with excessive blood loss and some degree 
of shock, and these factors cannot be adequately segregated. However, 
it was observed that a definite relationship exists between the duration of 
anesthesia and changes in the proteins (Chart I). This correlation is very 
definite, as shown in Chart I, but it might be better to compare the duration 



10 20 30 40 so 60 70 80 90 100 no 120 130 140 150 160 I/O i8o 

Duration of anesthesia in minutes. 

Chart I. — Relationship between duration of anesthesia and incidence of plasma protein decline. 


of operation rather than duration of anesthesia, to the incidence of protein 
decrease. In operations under one hour, from 50 to 60 per cent of patients 
showed a decrease in plasma proteins, while in operations lasting over two 
hours, all cases showed significant falls. These figures are interesting, but 
an analj'^sis of the various anesthetic agents employed in these cases, in an 
attempt to correlate the effect of various types of anesthesia with falls in 
plasma proteins, showed no significant variations. 

The effect of anesthetic agents on the liver and on blood volume has been 
repeatedly studied. Ether, chloroform and cyclopropane are definitely toxic 
to the liver in certain concentrations. Likewise, they cause diminution in 
blood volume, principally in the plasma constituent. Procaine, used for 
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cenl ill the group with poor liver function and 50 per cent in the group 
with normal liver function) yields a relative deviate of 5.2 which is well 
beyond the limit of significance. In other words, patients with diminished 
liver function can be expected to show a postoperative fall in plasma protein 
much more frequently than those with normal function. This trend is 
extremely suggestive and the conclusion almost inescapable. Unquestionably, 
two factors have operated in these cases; (1) A depletion of protein stores 
because of prolonged poor liver function; and (2) an inability of the liver 
to synthesize rapidly enough plasma protein to replenish that lost as a result 
of the operative procedures (blood loss, shock, anesthesia, efc.). In addition 
one might postulate the existence of a vicious cycle, inasmuch as continued 
low plasma protein concentrations and depleted protein reserves may have 
a harmful effect on liver structure and function. It was our impression, also, 
that the response in protein concentration as a result of blood or plasma 
transfusion in these cases was not as sustained, although usually as prompt, 
as in other cases whose liver function showed no evidence of deterioration. 

It is of great significance to the surgeon therefore, that control of plasma 
protein formation and protein storage is a function of the liver and that 
in many patients and especially in certain groups of patients, the function 
of the liver is impaired. In these cases, the incidence of hypoproteinemia and 
of decline in the protein levels to low normal values will be extremel}'^ high 
and the postoperative course will be correspondingly stormy. The indica- 
tions for therapy are derived from these facts. 

PROPHYLA.XI.S AND TRKATMENT 

It is evident from the preceding data that certain t3'pes of surgical 
patients will probably lose considerable amounts of plasma proteins as a 
result of operative procedures, while in other groups the loss will be in- 
significant and rapidly restored. With the latter, we are not particularly 
concerned, but in the former group certain problems of therapy are of great 
consequence. From a therapeutic standpoint this group can also be divided 
into two subgroups : 

Subgroup I. — In this classification fall those patients who are about to 
undergo certain major surgical procedures which we know are frequently or 
usually associated with a definite decline in the plasma protein levels. The 
liver function is normal, but the preoperative level of the plasma protein may 
be either normal or slightly lowered. It is very important in these cases to 
attempt to assess the presence and amount if an}', of deterioration in the 
reserve stores of protein. Some patients may have normal values which are 
being maintained at the expense of exhaustion of the protein stores. While 
this may be difficult to evaluate by laboratory methods the clinical history is 
of great importance. The length of the illness, the previous dietary regimen, 
the probability of absorption of nutritive elements from the ingested foods 
and the presence of subclinical or clinical avitaminosis are guides to a proper 
evaluation. Of course, if the protein levels are low, one must assume that 

62 



Volume 117 
Number 1 


PLASMA PROTEIN VARIATIONS 


the reserve has been more or less exhausted. If one so decides operation 
must be deferred except in the gravest emergency until the depleted proteins 
are replenished. This may be done by several methods. The best and 
most practical route of administration is by mouth. This is the natural route 
for the absorption of the products of protein metabolism and is usually the 
most efficacious. A high protein diet for one to two weeks usually gives 
excellent results. If for any reason this cannot be administered, concen- 
trated amino-acid preparations may be used. We have used these on many 
patients in this group with satisfactory results and they have the further ad- 
vantage of being easily administered througb a duodenal tube if necessary. 
In order to obtain the maximum benefit from the protein diet or from the 
amino-acids, it is important to remember that all protein foods do not effect 
equal increments in plasma protein production. Certain key amino-acids are 
essential for this synthesis, and among these are cystine, tryptophan, tyrosine, 
leucine and glutamic acid. A definite quantitative difference in plasma pro- 
tein synthesis can be obtained by feeding various amino-acids.^^ Milk, 
wheat, and eggs have a high cystine content and are, therefore, valuable 
in the diet. If amino-acids are fed as such, cystine and tryptophan should be 
present in large amounts. Preparations derived from casein, with tryptophan 
added, usually meet these requirements. If, for any reason oral feeding is 
interdicted, the intravenous route must be employed. For this purpose nothing 
gives results comparable to plasma transfusions. These should be given 
repeatedly and in large amounts and should be given to meet the requirements 
of the patient and not the convenience of the individual blood donor. For- 
tunately, with the increasing prevalence of blood banks the former usual 
arbitrary amount of 500 cc. per transfusion is rapidly becoming obsolete and 
transfusions of 1000 to 1500 cc. of blood or plasma are frequently administered 
with excellent results and no untoward reactions. In our experience the 
use of intravenous amino-acids has not been very successful, but we have not 
used this method 'extensively. Once the protein reserve and blood levels 
have been restored, operation may be safely undertaken. 

In those patients whose protein stores are not depleted our concern 
is to prevent excessive declines in the plasma protein concentration. This 
drop in plasma proteins associated with operation will probably be transient 
and easily overcome by suitable administration of whole blood or plasma. 
I he best guide to the quantity of blood and plasma required are serial 
studies of the hematocrit values and plasma pi’otein concentration. It has 
been our experience that a transfusion of 500 cc. to 1000 cc. of plasma im- 
mediately preceding or during operation will carry these cases through any 
but the most shocking procedures. 

Subgroup II. — This includes those patients in whom an impairment of 
liver function can be demonstrated and who are about to undergo major 
surgical procedures. In tbis group, also, the protein levels mav be normal 
or low but in all probability, there has been some depletion of the protein 
stores. We are laced, in these patients, not only with the problem of restor- 
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ing the reserve stores of protein but with improving liver function, and in 
addition protecting the liver from further impairment of function as a result 
of anesthesia, operative shock and anoxemia. 

Glucose has long been considered the substance par excellence for im- 
proving liver function. It is not to be denied that glucose in sufficient quan- 
tities does exert a markedl}' beneficial effect. It is the principal source of 
energy for the body mechanism and has the specific physiologic effect of spar- 
ing proteins. Recent evidence,^-'’ however, has indicated that proteins 
are probably much more efficacious in restoring and maintaining good liver 
function. This experimental evidence points out that livers with a high 
lipid content are much more susceptible to toxins than those with a low 
lipid content. Wells^^ has suggested tlidt a large amount of liver fat results 
in a retention of lipid soluble hepatotoxic agents. It has been known for 
many years that fatty changes in the liver are associated with poor function. 
Proteins are effective in reducing liver fat. 

The therapeutic effect of proteins is probably two-fold in patients with 
liver damage. In the first place, regeneration of body tissues requires ample 
protein supplies, and, secondly, protein undoubtedly has a specific effect in 
protecting the liver from injury. This action is probably a result of the 
lipotropic activities of certain amino-acids. Moise and Smith, Miller, Ross 
and Whipple, Goldschmidt, Vars and Ravdin,-'' Messinger and Hawkins,^*'’ 
and Perlman, Stillman and Chaikoff-'* have demonstrated the protective effect 
of proteins on the liver. Certain substances are known to be lipotropic ; that 
is, they mobilize liver lipid and make it available for easy disposition. 
Lipocaic, choline and lecithin have marked lipotropic activity. Of the amino- 
acids, methionine and cysteine ai'e the principal lipotropic agents. The 
former is more efficacious, inasmuch as cysteine has only a temporary lipo- 
tropic effect. In fact, after prolonged administration, it may exert an 
opposite effect. Other amino-acids including glycine, alanine, tyrosine, 
taurine, glutamic acid, and proline have no lipotropic activity. Choline 
is thought to be necessary for the action of any lipotropic substance. This 
may account for the deterioration of liver function in patients with biliary 
fistulae and persistent loss of bile. It is significant that cysteine is a key 
amino-acid for plasma protein regeneration also, while methionine is of no 
value in this process, but is more important for its lipotropic activity. 

The foregoing evidence has a definite clinical application. It can be said 
that the most favorable diet for patients in this group should contain ample 
carbohydrate for energy purposes and to spare protein, ample protein con- 
taining sufficient amounts of lipotropic substances, and as little fat as is 
compatible with a palatable diet. Meat, in general, is not satisfactory, inas- 
much, as even lean meat contains considerable fat. Channon and Wilkinson”" 
state that a diet in which more than 14 per cent of the total calories ai'e 
obtained from proteins will exert a marked lipotropic action. Casein, or foods 
high in casein are undoubtedly the best. Tucker and Eckstein^c demon- 
strated the greatest decrease in liver fat with a 20 per cent casein diet. 
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A hospital diet containing 75 per cent of carbohydrates, 20 per cent of 
proteins (no meat) and 5 per cent fat will fulfill these requirements. 

If food cannot be taken by mouth the same considerations should govern 
the parenteral therapy. However, it is difficult to supply sufficient glucose 
intravenously to meet the energy requirements of the body. A total of 1200 
calories daily is the net result of 3000 cc. of 10 per cent glucose solution. 
The disadvantages of parenteral glucose are two-fold : first, the inconvenience 
of daily intravenous therapy and the danger of thrombosed veins, and sec- 
ondly, the inadequacy of the amounts administered and the probability that 
glucose by mouth is more efficacious in its action on the liver than intravenous 
glucose. It is preferable whenever possible to supplement the intravenous 
therapy with some carbohydrate by mouth. This -may be given as con- 
centrated glucose solution. 

Protein is best given parenterally in the form of plasma. While amino- 
acids have been used with some success by others, we have been unable to 
show any beneficial effect on the liver or any sustained rise in the plasma 
proteins by this method. However, our experience has not been very large 
with intravenous amino-acids therapy. One point is worth noting in this 
connection. It has been stated previously that cysteine exerts an initial 
lipotropic effect but prolonged administration nullifies this early action. 
It is thought that the cysteine which is present in plasma does not show this 
late change however, and plasma may be given indefinitely for its lipotropic 
action. This may account for our failure to realize any appreciable benefit 
with amino-acid solutions while with plasma the results were most en- 
couraging. 

Other measures have been suggested to improve liver function. The 
administration of Vitamin Bi may be of value. Connor-" has shown that 
deficiency of this vitamin may cause fatty infiltration of the liver. Further- 
more, Vitamin B-complex is necessary for certain intermediary stages of 
carbohydrate metabolism and oxidative reactions in the tissue cells. The 
importance of this adjuvant when large amounts of carbohydrates are being 
fed to the patient is obvious. Bile salts and liver extracts are also indicated 
in certain cases. The marked lipotropic activity of choline has been mentioned 
and liver extract is rich in choline. The bile salts of taurocholic and glyco- 
cholic acids may have a similar effect. It is certainly well known that ex- 
cessive loss of these bile salts has a deleterious effect on liver function.^®’ 

Bile salts administered orally also increase the arterial blood flow to the 
liver,-® a real consideration in combating anoxia. Schmidt, Walsh and 
Chesky®^ have found that insulin causes improvement in poor liver function 
associated with toxic thyroid disease. They feel that the damaged liver due 
to thyroid disease reacts differently to insulin than the normal liver in 
which it is well recognized that insulin is of little value in promoting glyco- 
genesis.**-’ Further observations are undoubtedly necessary to determine 
the effect of insulin on livers damaged as a result of other conditions. We 
have not used it on the patients in this survey. 
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It was our experience with patients in this group that marked improve- 
ment occurred within two weeks as a result of the therapy instituted, except 
in some patients whose hippuric acid excretion was below 0.3 Gm. While 
it was not always possible to restore hepatic function to normal, we usually 
obtained satisfactory improvement, as manifested by a definite increase in 
the hippuric acid excretion. The optimum time for operation was occasionally 
difficult to determine and depended on many individual variations. The con- 
comitant improvement in the protein reserve and the return to normal of 
the plasma protein values as a result of treatment directed at improving 
liver function are factors which aid in making a decision. In this group 
of patients we also observed a postoperative decrease in liver function below 
the maximum preoperative level, in spite of our prophylactic measures. The 
diminution was usually transient, but seiwed as a danger signal and indicated 
the importance of fortifying the liver before operation. 

In this second group, as contrasted to the first, in whom hepatic func- 
tion was normal, extreme vigilance was required for many days after opera- 
tions to forestall delayed protein declines. In the first group, once the im- 
mediate postoperative fall in proteins was compensated for, the level re- 
mained stationary unless complications developed. In the second group, 
however, even though improvement in liver function had been obtained, 
the return to normal of the plasma proteins was delayed, and was subject 
to many fluctuations. Continuation of the preoperative regimen was found 
to be essential to rapid and uncomplicated recovery. 

The following case reports were selected in an attempt to illustrate more 
graphically the problems involved in the prophylaxis and treatment of the 
various phases of protein depletion and concomitant liver dysfunction. 

CASE REPORTS 

Case I. — A. A., Hosp. No. 90176. Acute suppurative appendicitis. Appendicectomy. 

A drop in plasma protein concentration of i.i Gm.% occurred within 48 hours, despite 
a simple operative procedure. Return to the preoperative level did not take place 
until the eighth day. No special therapy was employed. We believe that there is a 
continuing loss of plasma into the peritoneal cavity for several da3's after operations 
for acute appendicitis, and this frequently accounts for prolonged diminution in the 
protein levels. 

Case 2. — F. A., Hosp. No. 88980. Appendiceal abscess. Appendicectomy and 
drainage ( wound packed open with iodoform gauze) . Preoperative levels : Plasma 
proteins 7.0 Gm.%; hematocrit 42%. The protein level was maintained fairly well 
for two weeks. During this period drainage from the wound was profuse, and the 
patient had a moderate febrile reaction. The food intake was limited. The protein 
concentration began to fall quickly at the 14th day, probably due to e.xhaustion of 
protein reserves. This decline persisted until the 36th day (plasma proteins 6.2 Gm.% ; 
hematocrit 42%), at which time intensive amino-acid therapy by mouth was instituted. 
Recovery was rapid after this point. Incidentally, during the first five weeks, wound 
healing was very slow but immediately after beginning amino-acid therapy a marked 
increase in the rate of granulation of the wound was observed. 

Qage 3. — K.. K., Hosp. No. 89481. Chronic cholecystitis and cholelithiasis. Chole- 
cystectomy. Preoperative studies indicated good liver function, normal plasma protein 
concentration, and apparently adequate protein reserves (plasma proteins 7.2 Gm.%; 
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hematocrit 44% ; hippuric acid excretion 1.24 Gni.) . Operation was carried out without 
any special preparation and the postoperative course was uneventful. There was an 
immediate and definite drop in both protein levels and liver function (plasma proteins 
6.3 Gni.%; hematocrit 42%; hippuric acid excretion 0.49 Gm.), probably as a result 
of blood loss, operative trauma and anesthesia, but the declines were transient and a 
return to normal figures was noted on the 9th postoperative day. For purposes of 
therapy this patient should be classified in Subgroup I. 

Case 4. — M. R., Hosp. No. 90200. Chronic cholecystitis and cholelithiasis. Chole- 
cystectomy. Liver function studies indicated very poor function, and the low hematocrit 
and plasma protein figures indicated depletion of protein stores and a moderate secondary 
anemia (plasma proteins 6.1 Gni.% ; hippuric acid 0.10 Gm. ; hematocrit 33 %)- Dietary 
therapy was instituted for two weeks preceding operation, and while improvement in 
the protein concentration was satisfactory, liver function remained poor (0.51 Gm.). At 
operation, a walled-off pericholecystic abscess was found. The postoperative course 
was storm}’', with elevated temperature and increased pulse rate for almost one week. 
With continuation of the dietary regimen, liver function gradually improved and the 
protein figures reached the preoperative level on the 14th postoperative day. This 
case was definitely in Subgroup II. More intensive protein therapy should have been 
administered in the form of plasma or whole blood transfusions. 

Case 5. — A. C., Hosp. No. 89S75. Graves’ disease. Thyroidectomy. Liver function 
was markedly depressed but the proteins were normal (plasma proteins 6.6 Gm.% ; hemat- 
ocrit 46% ; hippuric acid excretion 0.39 Gm.) . Fairly intensive preoperative therapy was 
administered, but emphasis was placed on the thyroid rather than on the liver. A moderate 
postoperative crisis developed, associated with substantial protein depletion. Glucose and 
proteins were fed in large amounts with a satisfactory but very slow response. 

Case 6. — C. P., Hosp. No. 86521. Graves’ disease. Second-stage hemithyroidectomy. 
In the interval between operations the liver function and protein reserves were thought 
to be restored to normal (plasma proteins 6.7 Gm.% ; hematocrit 33% ; hippuric acid 
excretion 1.2 Gm.). However, the operative time was prolonged to two hours, and there 
was moderate bleeding. The effect on the protein was marked and sustained, a drop 
to 5.4 Gm.% occurring within three days after operation. On the 8th day the values 
had returned to normal. Apparently, this patient had not been sufficiently fortified 
for operation. 

Case 7. — S. M., Hosp. No. 87843. Toxic adenoma of the thyroid. Hemithyroid- 
ectomy. Because of the satisfactory results of liver function tests and the adequate 
plasma protein level (plasma proteins 7.2 Gm.% ; hematocrit 46% ; hippuric acid excre- 
tion 1.5 Gm.%) no special treatment was thought necessary beyond that directed at the 
toxic thyroid disease. As in the preceding patient, the postoperative decline in protein 
levels and hippuric acid excretion was significant and fairly prolonged. The plasma 
proteins declined to 6.0 Gm.% on the third day, and remained low for over one week. 

Case 8. — B. R., Hosp. No. 87569. Nontoxic adenoma of the thyroid. Hemi- 
thyroidectomy. The preoperative nutritional status was good (plasma proteins 7.9 Gm.% ; 
hematocrit 45%; hippuric acid excretion 1.14 Gm.) and operation was performed the 
day following admission to the hospital. An immediate decline of 1.3 Gm.% in the 
protein values was observed, probably the result of excessive blood loss during a two 
hour operation. The return to normal was rapid, however, indicating that protein re- 
serves were ample. This patient would be classified in Subgroup I, as contrasted to 
the preceding cases of toxic thyroid disease. 

Comment. — A study of the four preceding cases of thyroid disease in- 
dicates the necessity for appreciating the significance of the liver and the 
protein reserves. Patients with toxic thyroid disease may show normal liver 
function preoperatively but they are potential “liver weaklings” and the 
effects of operation, blood loss, anesthesia and the resultant often prolonged 
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anoxia may be disastrous. Prolonged preparation not only for the hyper- 
thyroidism, but for the liver is essential. We believe that more frequent 
blood or plasma transfusions would decrease the incidence of postoperative 
thyroid crisis. 

Whereas the decline in proteins in the nontoxic cases is of very short 
duration, in the patients with hyperthyroidism the return to normal is delayed 
and is associated with postoperative impairment in liver function. The usual 
high carbohydrate diet which is fed to these cases preoperatively is insuf- 
ficient and should be replaced by a diet rich in protein and very low in fat. 

Case 9. — C. G., Hosp. No. 89429. Chronic, perforating duodenal ulcer. Sub- 
total gastrectomy. Preoperative studies of liver function and plasma proteins revealed 
normal levels (plasma proteins 7.0 Gm.% ; hematocrit 42% ; hippuric acid excretion 
0.85 Gm.). At operation, a transfusion of 500 cc. of whole blood was given. Despite 
this, a marked decline in proteins to 5.3 Gm.% occurred immediately, and persisted 
for 16 days. On the tenth day, amino-acids were given orally, and continued daily. 
The effect was not manifested for several days however, but eventually a definite 
gain was observed. The amino-acids therapy was started at the time when the protein 
concentration was definitely below the edema level, and peripheral edema was present. 
While the patient had normal liver function and should be classified in Subgroup I, 
we feel that in common with most patients with chronic peptic ulcers she had a marked 
depletion of her protein reserves. 

Case 10. — L. C., Hosp. No. 90438. Posterior wall gastric ulcer, with perforation 
into the pancreas. High subtotal gastrectomy. A week of preparation with a high 
protein diet before operation was thought to be adequate, although hepatic function was 
still subnormal (plasma proteins 6.5 Gm.% ; hematocrit 37% ; hippuric acid e.xcretion 
0.64 Gm.). During the operation 500 cc. of plasma were administered. An immediate 
rise in proteins took place followed by a moderate decline of i Gm.%. The hippuric acid 
excretion also diminished. A slow upward swing occurred during the next 10 days, 
but upon discharge from the hospital, on the 13th postoperative day, the preoperative 
levels had not been reached. In this patient, again, a fairly normal plasma protein 
concentration was maintained at the expense of exhaustion of the protein reserves and 
the customary restoration of proteins lost as a result of operation was delayed and 
inadequate. 

Case II. — L. B., Hosp. No. 88177. Carcinoma of the stomach at the esophago- 
gastric junction. Gastrectomy. The preoperative protein level was normal, and the 
general nutritional status appeared good, inasmuch as the patient had lost only three 
or four pounds. No liver function tests were performed (plasma proteins 7.4 Gm.%; 
hematocrit 49%). Owing to marked technical difficulties, operation was prolonged 
to four hours, and 500 cc. of whole blood were given on the operating table. A drop 
of 1. 5 Gm.% in plasma proteins occurred in the first 48 hours. During this time, 
a massive atelectasis of the right lung developed, which was successfully treated by 
bronchial aspiration. On the second day 1000 cc. of whole blood were given, and an 
increase in protein concentration to 6.3 Gm.% followed. Feeding of amino-acids through 
a stomach tube, which was drawn through the anastomosis at the time of operation was 
started on the 5th postoperative day and another transfusion was administered two days 
later. The result of this therapy was eminently satisfactory, and a sustained high 
protein level was secured. A persistent elevation of the hematocrit reading despite 
absence of any clinical evidence of dehydration was an interesting finding. 

Case 12. — F. R., Hosp. No. 89683. Benign p3doric obstruction. Gastro-enterostomy. 
This patient was considered a good operative risk and classified in Subgroup I (plasma 
proteins 7.0 Gm.% ; hematocrit 44% ; hippuric acid excretion 0.80 Gm.). Liver function 
was within normal limits. The operative procedure was easily and quickly performed 
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and 500 cc. of blood administered. The protein levels remained fairly stationary for 
the first week, but during this time the patient took very little food and was unable to 
tolerate amino-acids by mouth. Thereafter the proteins dropped considerably and 
reached 5.9 Gm.% on the i6th day. At this point, adequate feedings were satisfactorily 
instituted and a prompt response obtained. This case illustrates, again, the lack of 
protein reserves in patients with gastro-intestinal disturbances. 

Case 13. — J. G., Hosp. No. 88423. Chronic obstructing duodenal ulcer. Gastro- 
enterostomy. This case is included to demonstrate the value of proper therapy. Intensive 
preoperative therapy with amino-acids by mouth and a high protein diet was instituted 
to replenish the protein reserve. The preoperative plasma protein level was 6.4 Gm.%, 
and the hematocrit was 40%. At operation, a transfusion of 600 cc. of blood was 
administered. A slight drop in proteins was observed, but this figure is misleading, 
inasmuch as marked hemoconcentration was present. Nevertheless, with amino-acid 
therapy through an indwelling tube, started on the 3rd postoperative day, a prompt 
rise in the proteins to a level above the preoperative figure was secured and maintained. 
Feedings by mouth were started on the 6th day, and the tube withdrawn. 

Comment . — It became apparent to us that practically all patients with 
a long-standing gastro-intestinal disorder suffered depletion of their protein 
reserves in spite of normal plasma protein levels. Occasionally liver function 
was subnormal, probably as a result of malnutrition due to a deficient diet. 
In these patients a determined effort must be made to build up the pro- 
tein reserve before operation and sustain this reserve after operation by trans- 
fusion and an easily assimilable protein diet. Neglect of these precautions 
was responsible for nutritional edema in two of our cases and contributed 
to a stormy and prolonged postoperative course in others. Feeding of amino- 
acids through an indwelling tube, which is drawn through the anastomotic 
stoma at the time of operation, can be started on the third or fourth post- 
operative day and serves admirably to maintain the protein level. When 
blood or plasma is not readily available this treatment is of tremendous value. 

Case. 14. — G. P. Hosp. No. 89360. Carcinoma of tlie breast. Radical mastectomy. 
The effect of excessive blood loss at operation is well illustrated by this case. The 
preoperative status was perfectly normal except for a carcinoma of the breast (plasma 
proteins 7.35 Gm.%; hematocrit 37%). The operation lasted one hour and fifty 
minutes, and blood loss was thought to be marked. A decline of 1.3 Gm.% in the plasma 
proteins occurred, but was fairly rapidly restored. The capacity of the average patient 
to replenish proteins lost as a result of hemorrhage is excellent. 

Case 15. — G. K., Hosp. No. 880 j 8. Ruptured peptic ulcer. Closure of perforation. 
Operation was performed immediatel}' after admission, at which time the plasma pro- 
teins were 6.1 Gm.%, and the hematocrit 42%. This low level of plasma proteins was 
undoubtedly due to the moderate degree of shock following perforation of the ulcer. 
A further decline of 0.65 Gm.% was observed postoperatively, but within five days the 
proteins attained a level of 6.9 Gm.%, which was probably the normal figure. The 
convalescence of this patient was uneventful. 

Case 16. — ^J. E., Hosp. No. 88206. Charcot hip. Arthrodesis. The preoperative 
figures were normal (plasma proteins 7-2 Gm.%; hematocrit 46%). The operation was 
extremely shocking and blood loss was great. A transfusion of 500 cc. at the time of 
operation was not sufficient to prevent the combined effects of shock and hemorrhage 
from lowering the protein level 1.6 Gm.%. Two subsequent transfusions were admin- 
istered, but recoveiy was slow, and after 18 days the proteins had only reached 6.8 Gm.%, 
Obviously, further therapy with transfusions should have been administered, 
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Comment . — The relative effects of shock, hemorrhage, and both shock 
and hemorrhage together, are illustrated by the three preceding cases. Simple 
hemorrhage produces an effect which can be remedied fairly quickly. Shock, 
unaccompanied by hemorrhage, and insufficient in itself to cause irreversible 
changes, can also be rapidly balanced. When, however, both occur simul- 
taneously the effect on the protein levels is much more marked and prolonged 
and must be strenuously treated without delay. Therefore, before starting 
operations which are known to be productive of shock and hemorrhage, 
transfusions should be commenced and continued until the operation is 
completed. 

Case 17. — R. K., Hosp. No. 88563. Bleeding uterine fibroids. Hysterectomy. This 
patient had a severe secondary anemia as a result of repeated hemorrhages. The 
hematocrit was low, but the proteins were normal (plasma proteins. 7.2 Gm .% ; hematocrit 
28%). A transfusion was given during the operation, but the protein concentration 
dropped i.i Gm.%, nevertheless. Another transfusion was given on the 3rd post- 
operative day, and thereafter the hematocrit and protein values returned to normal. 
This case illustrates the effect of severe anemia on the postoperative decline of plasma 
proteins. An operation which ordinarily causes but slight depletion of the proteins, 
was responsible for a significant loss in this patient, despite a transfusion of 500 cc. of 
whole blood. 

Case 18. — R. S., Hosp. No. 87996. Uterine fibroids. Postoperative intestinal ob- 
struction secondary to carcinoma of the sigmoid. Hysterectomy. Cecostomy. Pre- 
operative : Plasma proteins 6.8 Gm.% ; hematocrit 42%. A simple hysterectomy was per- 
formed upon this patient, and a very slight immediate drop in proteins occurred. On 
the third postoperative day signs of intestinal obstruction deyeloped, and these persisted. 
A marked decline in plasma proteins to 5.7 Gm.% was observed during this period. 
On the sixth day a cecostomy was performed and a transfusion administered. A slight 
response to the transfusion occurred but the proteins subsequently dropped to still lower 
levels (5.5 Gm.%) and for a period of 10 days the cecostomy functioned poorly. When 
the abdominal distension was finally overcome with a Miller-Abbott tube the plasma 
protein levels gradually returned to normal. The importance of repeated determinations 
of plasma protein levels in patients with actual or impending intestinal obstruction is 
well illustrated by this patient. 

SUMMARY AND CONCLUSIONS 

A significant decline in the plasma protein level was demonstrated in a 
considerable number of patients following surgical procedures. In a non- 
selective group of 215 patients, this decline was observed in 148, or 68.9 
per cent. Our studies further indicated that a postoperative decline in 
plasma proteins was more common after certain types of operations. In 
this group were included operations upon the stomach and intestines, the 
biliary tract, the spine and large joints, and upon toxic thyroid disorders. 

A combination of many factors influenced the extent and duration of the 
diminished protein concentration. Among the direct and immediate causes 
were blood loss, shock and anesthesia, while among the indirect causes 
were the nutritional status of the patient and extent of the protein reserves 
and the adequacy of liver function. The depreciation of plasma proteins 
as a result of blood loss and shock was usually of short duration and readily 
amenable to therapy, if it did not quickly and spontaneously return to 
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normal When the protein reserves were exhausted or liver function was 
disturbed, the duration of protein depletion was prolonged and frequently 
the response to treatment was irregular. 

The presence of subnormal hepatic function as demonstrated by the 
hippuric acid excretion test was a certain indicator that a postoperative 
protein decline would occur. Impairment of liver function was observed 
in 48 patients in this series, and a substantial diminution in the plasma 
protein concentration occurred in each case. Inasmuch as liver physiology 
is known to be disturbed frequently in certain surgical conditions of an 
extrahepatic nature, it is essential that liver function tests be performed 
routinely in these cases. Included in this category are patients with biliary 
disease, hyperthyroidism, severe gastro-intestinal disease associated with 
malnutrition, severe anemia, and carcinoma. The results of these tests should 
act as a guide for therapy. 

The treatment of plasma protein depletion depends on the extent and 
duration, the amount of available protein reserves, and the adequacy of 
liver function. Since certain operations are known to be almost constantly 
associated with marked protein loss, the estimated loss should be replaced 
during the operation by blood or plasma transfusions. In patients with 
normal liver function and adequate protein reserves, this substitution will 
be the only treatment necessary and operation need not be delayed. If 
the protein reserves are thought to be exhausted postponement of the 
operation is indicated until the reserves can be restored. Dietary therapy 
is particularly valuable in these patients and should consist of a high protein 
diet which contains ample amounts of food with high contents of certain 
key amino-acids. If this diet cannot be administered amino-acids may be 
fed with satisfactory results. 

In the group of patients with liver damage (Subgroup II) therapy should 
be directed to a restoration of normal hei^atic function. It has been shown 
that the lipid content of the liver is an index of the ability of this organ 
to function adequately. A high lipid content is deleterious. Furthermore, 
there is evidence that proteins, and more particularly certain amino-acids 
such as methionine and cystine, have a great lipotropic effect; that is, they 
mobilize liver lipid and make it easily available for disposition. Therefore, 
in order to restore liver function to normal, ample amounts of selected 
proteins must be given along with sufficient carboh3'-drate to supply energy 
requirements. Plasma is a readily available and potent source of the 
necessary proteins and often proves efficacious when dietar}'^ therapy fails. 

A study of the cases included in this series reveals that a proper thera- 
peutic regimen is often neglected, and patients are operated upon before 
they are adequately prepared. We feel, that with proper preparation in the 
preoperative period, the extensive decline in the plasma proteins which were 
exhibited by these cases could be prevented frequently. Routine determina- 
tions of liver function should be made on all patients about to undergo major 
surgical procedures, and when possible, operation should be delayed until 
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restoration of adequate liver function is accomplished. Careful supervision 
of the diet and the more frequent use of plasma transfusions for their nutri- 
tional effect would enable most patients to avoid the threatened hypo- 
proteinemia associated with the operations under discussion. Recently, by 
applying the therapy outlined above, we have been able to prevent, or greatly 
minimize, these declines in plasma protein concentration. 

We are indebted to Mr. H, M. C. Luykx, Instructor in Preventive Medicine, New 
York Universit}' College of Medicine, who carried out the statistical analysis included 
in this work. 

We wish to express our appreciation to Miss Fanny Davis who graciously volun- 
teered her services and performed the many exacting laboratory determinations re- 
quired by this study. 
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CARCINOMA OF THE GUM 

Lt. Comdr. George S. Johnson, U.S.N.R., and Rollin A. Daniel, Jr., M.D. 

Nashvii.i.e, Tekk, 

FROM THE DEPARTMENT OF SURGERY, VANDERBILT UNIVERSITY SCHOOL OF MEDICINE, NASHVILLE, TENN. 

Squamous cell carcinoma arising in the buccal mucosa which covers 
the alveolar margin differs completely in its behavior from similar neoplasms 
which arise from other areas in the mouth and pharynx. The primary 
lesion is, from its origin, in close proximity to bone, and invasion of the 
bone occurs very early. It invades the bone widely while the visible area 
of ulceration remains small and sometimes innocent in appearance. The 
destruction of bone by the neoplasm and by infection which follows it give 
rise to pain. Unlike malignant disease in other areas in the body, pain may 
be a fairly early evidence of the disease, and the surgeon is consulted in 
many cases where the disease involves a small part of the soft tissues and 
is otherwise contained within the rigid and limiting structure of the jaw. 
This particularly applies to the cancer which arises on the lower alveolus 
and invades the mandible. This communication is concerned with the 
establishment of this lesion as an entity and with the treatment of cancer 
of the lower alveolus based upon knowledge of its usual mode of spread. 

The term cancer of the gum has recently been applied to this lesion 
by Martin.^ “Cancer of the jaw” or “carcinoma of the mandible” have 
been most frequently applied in the past, and these terms have been used 
to include carcinoma arising anywhere in the buccal mucosa and secondarily 
invading the mandible. New,-’ ® in recent articles on the treatment of 
oral carcinoma, speaks of epithelioma of the lower jaw which “may originate 
in a previous papillary leukoplakia or the first symptoms may be a loosening 
of a tooth, starting in the body of the jaw.” Probably squamous cell car- 
cinoma and adamantinoma are grouped together, treatment of the lesions 
being disposed of by the simple statement that thorough destruction of 
all precancerotis and malignant lesions with surgical diathermy gives the best 
chance of permanently getting rid of the trouble. As opposed to numerous 
reports on the treatment of oral cancer in which carcinoma of the lower 
alveolus is considered lightly, or not at all, other authors have set it aside 
as a problem more difficult to treat than other lesions of the mouth. 
Gardham^ calls attention to the extreme degree of malignancy usually 
present, and states that with five personal cases the longest survival period 
is two years. Resection of the mandible and primary bone graft was per- 
formed in this case. Blair, Brown and Byars'* called attention several years 
ago to the frequent need for complete destruction of the mandible following 
the use of radium in lethal doses, and advised against radiation of the 
bone, even whei'e its use is effective in the soft tissues Shaw,'' and Ehrlich,'^ 
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the lesion might possibly be completely excised. The operative procedure 
has in most cases been supplemented by roentgenotherapy over the neck, 
but in no case which was thought to be operable was radiation of the 
primary lesion advised. At the time of operation the prime consideration has 
been eradication of the neoplasm. We believe that the fear of unsightly 
facial defects frequently influences the surgeon to perform limited intra- 
oral operations, as well as in the application of roentgenotherapy in empiric 
doses which are inadequate to destroy carcinoma which is growing in the 
mandible. Such procedures, carried out in patients with early lesions, are 
often worse than worthless, since longevity is not usually increased and the 
patient is subjected to the discomfort attending these forms of treatment. 



Fig 2 — Case \o 3. Koentgeiiogram before operation. 

Since 1933 there have been nr patients observed with squamous cell 
carcinoma of the buccal mucosa and the lower lip in the Vanderbilt University 
Hospital. Fifty-nine of these began in the mucous membrane of the mouth 
itself (excluding the lip and the pharynx). Thirty, or 51 per cent of these 
growths apparently originated in the gum. Two arose in the gum of the 
upper alevolus, and 28, or 47.5 per cent, of these lesions began as an ulcer 
on the lower alveolar margin. 

Four years have now elapsed since 23 patients with squamous cell car- 
cinoma of the lower gum were first observed. Twelve of these patients 
were operated upon. A summary of the results in these cases is shown 
in Table I. The outcome in the remaining 1 1 cases is presented in summary 
in Table II. The technic of operation was the same in all but two patients 
in Table I. In these cases (Nos. 2 and 5), destruction of the full thickness 
of mandible was purposely not accomplished and the continuity of the in- 
ferior portion of the mandibular arch was preserved following sequestration. 
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OPERATION — CAUTERY RESECTION OF MANDIBLE 

Result 







Postop- 




Dead 






erative 

Time of 

Alive 


Time 






Roent- 

Seques- 

and Well. 

Time 

After 





Duration 

geno- 

tration 

Time 

After 

Onset of Cause 

Case 




of Early 

therapy 

of 

Since 

Opera- 

Symp- of 

No. 

Age Color 

SiCX 

Symptoms 

to Neck 

Mandible Operation 

tion 

toms Death 

1. 

38 

W. 

F. 

Ulceration 6 mos. Pain 
1 month 

2700 R. 

10 weeks 


7 mos. 

13 mos. Recurrence 

2. 

56 

W. 

F. 

Ulceration 2 mos. Pain 
2 weeks 

6600 R. 

20 weeks 

4 years 



3. 

51 

W. 

M. 

Ulceration and tumefac- 
tion following extraction 
3 mos.t 

3280 R. 

14 weeks 

5}4 years 



4. 

57 

W. 

F. 

Ulceration found by 
dentist 3 mos.t 

6000 R. 

8 weeks 


11 mos. 

14 mos. Recurrence 

5. 

57 

C. 

M. 

Ulceration 2 mos 

1360 R. 

8 weeks 


12 hrs. 

Cerebral 
accident (?) 

6. 

54 

w. 

M. 

Ulceration 4 mos. Pain 
1 month 

None 


years 



7. 

40 

w. 

F. 

Soreness of jaw 12 mos. 
Bleeding 2 mos 

3600 R. 

20 weeks 

5 years 



8. 

73 

w. 

M. 

Pain 4 mos. Ulceration 
about 24 mos 

800 R. 

16 weeks 


10 mos. 

14 mos. Recurrence 

9.* 

77 

w. 

M. 

Ulceration 6 mos. Sore- 
ness 3 mos 

4500 R. 

18 weeks 


24 mos. 

30 mos. Recurrence 

10. 

57 

c. 

M. 

Ulceration 5 yrs.t Pain 
2 mos 

6600 R. 

12 weeks 

4 years 



11. 

74 

w. 

M. 

Ulceration 5 mos. Pain 





Senility. No 





4 mos 

6200 R. 

16 weeks 


3 years 

Recurrence 

12. 

36 

w. 

M. 

Ulceration 2 yrs.t Pain 
4 mos 

None 

12 weeks 

4 years 




*9000 R. units, low voltage roentgenotherapy, using intra -oral cone, completed two months before operation 
(given elsewhere by competent Radiologic Clinic). 
tAreas of ulceration failed to heal following tooth extractions. 


Table II 

OPERATION NOT PERFORMED 






Reason 


Duration of Life 





Operation 


After First 

Case 




Duration of Not 


Appearance of 

No. , 

Age Color 

Sex 

Early Symptoms Performed 

Treatment 

Symptoms 

13. 

49 

W. 

M. 

Ulceration 8 mos. Pain about 

Superficial 






7-8 mos Far advanced 

X-ray (elsewhere) 

10 mos. 

14. 

65 

W. 

M. 

Ulceration 8 mos. Pain 3-4 mos. Far advanced 

None 

12 mos. 

15. 

61 

W. 

F. 

Ulceration and pain 12 mos. . . . Far advanced 

X-ray refused 

13 mos. 

16. 

53 

W. 

F. 

Pain and ulceration 3 mos Far advanced 

X-ray 3600 R. 

5 mos. 

17.* 

60 

W. 

M. 

Pain and persistent ulcer follow- 







ing tooth extraction 4 mos Refused 

None 

17 mos. 

18.t 

53 

W. 

M. 

Ulceration and pain 6 mos Far advanced 

Radon: 7680 me. 

17 mos. 






hrs. (elsewhere). 







X-ray 6900 R. 


19.t 

51 

W. 

M. 

Ulceration and pain 11 mos.. . . Far advanced 

X-ray 2700 R. 

17 mos. 

20.* 

46 

W. 

F. 

Ulceration 7 mos. Pain 3-4 mos. Refused 

X-ray 4000 R. 

16 mos. 

21.* 

58 

W. 

F. 

Pain and ulceration 5 mos Refused 

X-ray (elsewhere) 

13 mos. 

22.* 

74 

W. 

M. 

Ulceration 3 mos. Pain 2 mos. Refused 

X-ray 2200 R. 

26 mos. 

23.* 

61 

W. 

M. 

Pain 3 mos. Ulceration 2 mos. Refused 

X-ray (elsewhere) 

7 mos. 


•'Considered to be operable when first examined by us. Patient refused operation. 

tLocal removal by cauterization and application of radium performed elsewhere before patient first seen at 
Vanderbilt Hospital. 
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TECHNIC OF OPERATION 

An incision is made beginning at about the symphysis of the mandible 
and is extended outward and down to the level of the hyoid bone under 
the body of the mandible. The incision there curves upward to extend 
slightly above the angle of the mandible. The skin and subcutaneous tissue 
of the flap are elevated, the incision being extended through the labial mucous 
membrane into the mouth. A suprahyoid neck dissection is then carried out, 
the incision being carried entirely through the muscles and mucous mem- 
brane of the floor of the mouth and care being taken to carry the incision 
through healthy tissue well away from the edges of the growth. The lip and 
skin flap are retracted upward, and moist saline packs are applied to cover the 
soft tissue of the neck, face and the mouth. The soft tissues adherent to 
the body of the mandible are excised, usually with the electrocautery. Hot 
soldering irons are used to cauterize the mandible and are applied for a 
sufficient length of time to assure destruction of the whole thickness of the 
bone and all of its attached soft parts. The mandible is not divided. The 
external skin flap is then brought back down into place and a few interrupted 
sutures are placed in the ends of the wound, its central aspect being left 
open. Flat packs of gauze are placed in the defect, against both sides of 
the mandible and a firm external dressing is applied. 

A tube is frequently passed into the stomach, through the nose, for feed- 
ing purposes. 

Chloroform anesthesia has been used in all cases, administered through 
an endotracheal catheter. 

PREOPERATIVE AND POSTOPERATIVE MANAGEMENT 

All patients are given high carbohydrate, high protein diets for two 
days before operation, with added frequent feedings of sugar. An adequate 
intake of fluid before operation is assured. 

As soon as the patient is fully reacted, he is allowed to assume a sitting 

or semisitting posture. Feeding is usually accomplished during the first 

few days by means of the inlying stomach tube. All patients are gotten 
out of bed as soon as possible following operation and are encouraged to 
increase their activity as rapidly as can be tolerated. 

Drainage from the wounds becomes fairly profuse and of a foul nature 
during the second week after operation. Following this period, during 
which slough of necrotic soft tissue occurs, the wound rapidly becomes 
cleaner, the fistula smaller and drainage less marked. Care is taken in the 
instruction of patients regarding the frequent taking of liquid and soft 

foods, and on discharge from the hospital the patient is given a list con- 

taining various essential foods to be included in his diet. Dressings are 
changed as frequently as may be desirable at home. 

Separation and discharge of the dead mandible occurs in from two to 
five months following operation (average time 14 weeks). In most instances 
the bone has been easily lifted out of the wound during a regular follow-up 
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visit to the Tumor Clinic. Following sequestration, the opposite mandible 
swings a little toward the midline, and the fistula becomes somewhat smaller 
and quite clean. The patient is readmitted to the hospital a few weeks later 
and closure of the oral fistula is accomplished. 

The appearance of the patient following closure of the fistula has been 
satisfactory in most cases. If there is no recurrence of the lesion after a 
year, plastic procedures may be carried out for the restoration of the con- 
tinuity of the mandibular arch and improvement in the cosmetic results. 
In most cases these procedures will be refused by the patient. 

The functional result is equally satisfactory. Speech is not seriously 
interfered with and the mastication of soft foods can be accomplished. 



Fig. 4. — Case Iso. 3; Roentpeiiopram three and one-half months 
after operation, just before removal of mandible. 


DI.SCUSSION 

The earliest symptom in most cases has been ulceration of the gum. This 
has been followed within a few weeks by soreness and then by pain in 
the jaw. All but four of the 23 patients presented themselves for examina- 
tion after the onset of pain and 17 patients (74 per cent) were advised to 
have operation. 

The average duration of symptoms in the group of patients operated 
upon was six and one-half months. In those who were inoperable the 
average duration of symptoms at the time advice was sought was seven 
and three-fourths months. 

Five patients refused operation. In one of these cases no treatment 
was instituted. This patient lived for 17 months after the first symptoms. 
Roentgenotherapy was employed in the remaining four cases, and their 
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four years or more after operation. The average duration of life following 
onset of symptoms is four years and lo months. 

Ages of the patients, when first seen, ranged from 36 to 77. Three 
patients subjected to operation were more than 70 years old. 

There were 15 males and eight females in the entire group of patients. 
Seven patients had adentia. Six of these had badly fitting lower dentures 
and were conscious of irritation of the lower gum caused by “rubbing” of 
the plate. The other patient (No. 9, Table I) had had adentia for 25 years 
and had never worn false teeth. In all of the patients in whom there were 
remaining teeth, dental caries were numerous and the gums were retracted 
and badly infected. 

There was one operative death (No. 
5). This patient lived for 12 hours 
after operation and did not regain con- 
sciousness. Autopsy was not per- 
formed. This is an operative mortal- 
it}^ rate of 8.33 per cent. 

Six patients operated upon have 
lived for four years or longer without 
evidence of recurrence. This is a sur- 
vival rate of 50 per cent. One other 
patient (No. ii), who was 74 years 
old when operation was performed, died in a State Hospital for mental dis- 
eases three years after operation. There was no evidence of recurrence at the 
time of his death. Four patients (33.3 per cent) died of recurrence of malig- 
nant disease. 

Protracted external roentgenotherapy was given over the neck following 
operation in all cases who survived except one. The total dosage of radiation 
therapy employed in each case is given in Tables I and II. 

Patient No. 9 was treated intensively with protracted intra-oral roentgeno- 
therapy, administered through an intra-oral cone, before he was seen by 
us. The i-ate of growth of the neoplasm was probably influenced by this 
therapy but the patient was sent to this clinic by the roentgenologists who 
treated him because they observed evidences of continued growth. Resection 
of the mandible was performed but the patient ultimately died of recurrence 
of the growth and metastases. 

Another patient (No. 18) received very intensive interstitial radiation 
(radon: 7680 millicurie hours) and when he was seen in the Vanderbilt 
University Hospital he had extensive invasion of the mandible, the floor 
of the mouth and the tongue, and the neck. 6900 R units of roentgeno- 
therapy were given, and the patient died 17 months after the onset of 
symptoms. 



Fig. 7-A. — C.^se No. g. Before operation. 


SUMMARY 

I. Squamous cell carcinoma of the lower gum (alveolar epithelial margin) 
constitutes almost one-half of malignant growths of the buccal mucosa. 
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4. Eradication of the disease can be accomplished in a relatively large 
number of patients by wide, en bloc excision of the body of the mandible 
and its adjacent soft tissues. 
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RATE OF EPITHELIAL REGENERATION 

A CLINICAL METHOD OF MEASUREMENT, AND THE EFFECT OF VARIOUS 
AGENTS RECOMMENDED IN THE TREATMENT OF BURNS 

Bradford Cannon, M.D., and Oliver Cope, M.D. 

Boston, Mass. 

FROM THE DEPARTMENT OF SURGERY, HARVARD MEDICAL SCHOOL, AND THE SURGICAL SERVICES, 
MASSACHUSETTS GENERAL HOSPITAL, BOSTON, MASS. 

For some years certain members of the staff of this hospital have felt 
that the tanning methods in vogue for the treatment of burns are injurious 
to viable epithelium. The burned surfaces treated with tannic acid or 
various dyes have not healed as rapidly as those treated with bland oint- 
ments. This apparent delay in wound healing has remained, however, but 
a clinical impression. In the burned patient there are factors, other than 
the substance applied locally, which influence the rate of healing, and the 
role played by each may he impossible to appraise. 

In the first place, the deeper the burn, the slower the healing will be. 
No two burned areas can he considered of identical depth or degree, and 
there is no proven method of judging accurately, clinically, or microscopically, 
the extent to which the cells are damaged by the burn. Second, complica- 
tions of the burn, infection and malnutrition, delay the eventual healing. The 
growth of organisms on the burned surface may destroy additional cells 
and retard regeneration of epithelium. Acute malnutrition with loss of 
protein reserves may occur as the result of plasma loss and infection; an 
adequate protein reserve is a requisite of cellular proliferation and wound 
healing.^ 

The tannic acid treatment for burns was introduced by Davidson,^ in 
1928, at a time when the toxin theory of shock was popular. One of the 
arguments for its use was the concept that the tannic acid would coagulate, 
in situ, any tissue toxins produced in the burned cells and thus present or 
retard their absorption. Davidson felt that the tannic acid did not coagulate 
viable cells, but he had no objective method of measurement. 

Tannic acid proved to have low bactericidal powers. Abscesses developed 
beneath the tannic eschar with top great frequency. In order to reduce the 
element of infection, Firor and Aldrich" recommended gentian violet. Such 
dyes in high concentrations produce a supple eschar and abscesses beneath 
are less common.* The evaluation of dyes in contrast to tannic acid has, 
incidentally, prompted attention to the role of infection in the late shock 
of burns. 

Both tannic acid and dyes have represented improvements in the treat- 

* AldridP has developed 'a modififeation of the dye treatment with his triple dyes. 
For bactericidal purposes, the}' have certain advantages over gentian violet alone. 
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nieiit of burned patients, but it must be recalled that their recent introductionf 
has coincided with the understanding of protein and fluid therapy. The at- 
tention of those recommending tannic acid or dyes has been so riveted on 
fluid loss, toxins, or infection, that they have neglected the possible noxious 
effect of these substances upon the viable epithelium. 

Reports have recently appeared from England questioning the innocence 
of tannic acid® and the dyes." In this countr}'-, Dragstedt, ef al.,^ and Koch,® 
among others, have advocated other methods supposedly less injurious to 
the viable tissues. The evidence in these reports is based either upon clinical 
observation, or, in the case of the dyes, upon their influence on the growth 
of tissue cultures. Objectively controlled measurement of the effect of 
tannic acid, dyes, and other substances upon the regeneration of human 
epithelium in situ is lacking. 

Various substances recommended for the treatment of burned surfaces 
have been assayed by a simple method which judges, in the human being, 
the rate of healing of skin wounds. This communication presents a descrip- 
tion of the method and the results so far obtained. 

METHOD.S 

The effect of substances upon the rate of epithelial regeneration has been 
measured in the human, using the donor area from which a graft of uniform 
thickness is cut. The donor area is subdivided into two or more portions, 
one of which is covered by a standard and the others by experimental 
preparations. 

The patients used in this study required grafts of skin for various elec- 
tive plastic procedures, not for burned surfaces of recent origin. The patients 
were healthy and otherwise normal. The diets given were adequate in 
protein and vitamins. No nutritional deficiencies were observ’^ed, but blood 
serum protein and vitamin levels were not determined. The convalescence 
of all patients during the hospital stay was uneventful. 

The donor site chosen was usually their lateral or medial side of the 
thigh, the graft being cut longitudinally. No grafts were cut transversely 
around tbe thigh, since it is considered that the skin on the inside of the 
thigh is not comparable to that on the outside. Occasionally the abdomen, 
and once the posterior surface of the lower leg, were used. The donor 
surface chosen was normal; it contained no scar and no previous grafts 
had been removed from it. 

The area was shaved and washed with soap, water, and alcohol, and 
wrapped in a sterile towel the night preceding operation. At operation, the 
area was painted with three per cent iodine solution and draped. 

A skin graft of uniform thickness was removed by the dermatome.^® A 
standard depth of 0.012-inch was chosen. It is difficult to obtain a uniform 
cut with the knife set for a thinner graft. A thicker cut would penetrate 

.j. Tannic acid was employed in Glasgow in the nineteenth century,'^ as well as in 
the Orient far earlier. 
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Plate I. — A to G: Photographs of the donor site on the lateral aspect of the left thigh^ of Patient S. 
The middle third of the donor site was used as the control portion and covered with boric ointment gauze. 
The proximal third (right side of photograph) was treated with triple dye. The distal third was treated 
with tannic acid. A: Skin before removal of graft. B: Donor site before application of agents. C. Fourth 
postoperative day. The adhesive strapping in the middle holds the boric dressing in place. D : Sixteenth 
postoperative day. The control area is healed. E: Twenty-sixth postoperative day. The tannic acid area 
is healed. F ; Thirty-third postoperative day. In the triple dye area, part of the eschar is still adherent 
and there are several small areas not yet covered with epithelium. G; Sixty-first postoperative day. There 
are still unhealed portions of the triple dye area. 
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discharged. The wounds were not completely healed on the fiftieth and 
sixty-first days. The control portion was healed in one case in ii days, 
and in two, in 14 days. 

Fibrinogen. — A powder of human fibrinogen, thrombin, five per cent 
sulfadiazine, and a phosphate buffer,! was tried on nine areas. This mixture 
was sprayed on the donor surface with a powder blower until there was a 
thick frosting. The fibrinogen clotted promptly but bleeding continued 
beneath the clot, forming blebs. When these blebs were ruptured, uncoagu- 
lated blood escaped. Because of the continued formation of the blebs and 
the fragility of the coagulum, a dressing was necessai'y for support. In five 
of the areas, boric acid ointment gauze was applied as a dressing over the 
fibrinogen. In two other cases, a dry fine-mesh gauze was placed directly over 
the fibrinogen. In the remaining two areas the fibrinogen surface was tanned 
with a ten per cent tannic acid solution and no dressing applied. 

Three of the seven control portions were healed in nine days, two, in 10 
days, and two, in less than 13 days. 

In four of the areas with boric acid ointment gauze over fibrinogen, heal- 
ing occurred in two, in nine days, and in two, in ten days. A thin coagulum 
separated the gauze from the new epithelial surface. In the fifth area, 
healing was delayed until the eighteenth day. In the two areas on which 
a dry, fine-mesh gauze was placed directly over the fibrinogen, healing was 
retarded until the eleventh and thirteenth days. In the two areas which 
were tanned, the eschar formed and dried rapidly, usually in less than eight 
hours. The blebs of blood continued to rupture during that time. The 
eschar was thin and, at first, soft and flexible. Later, it contracted, curled, 
broke and came off in pieces. Healing had occurred in both control and 
experimental surfaces in the two cases, when the dressing and eschar were 
removed on the thirteenth day. 

Trietlianolaniiiie-Sidfadiacinc {Lcderle) — Sulfadiazine, five per cent, in 
triethanolamine,^^ was sprayed on a portion of the donor area of two cases. 
In one case, healing was not complete until the twent3'^-first day, the control 
portion having healed on the ninth day. In the second case, healing Avas 
complete on the sixteenth day ; the control portion Avas healed by the four- 
teenth day. 

Triethanolamine-Sidfodiacine with Methocel {Ledcrle). — Triethanolam- 
ine-sulfadiazine AAUth methocel was apiflied in one case. There Avas con- 
siderable difificulty in dcA'^eloping .a firm eschar. Some maceration occurred 
at the junction of the control area and the area treated with the eschar. 
Healing of the control area Avas complete in nine days, and most of the area 
treated with the escharotic in ii days. 

Pectinates. — Various pectinates have been recommended as coatings for 
Avound surfaces.^- The donor site of two cases AA^as treated Avith a gel of 

t The fibrinogen powder Avas furnished for clinical evaluation by Professor Edwin 
J. Cohn, and his associates. 

* Formula : Sulfadiazine 2.5 per cent, triethanolamine 8.0 per cent, sodium benzoate 
0.2 per cent, water q.s. 100 per cent. 
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CANNON AND COPE Annals ot Surgery 

January , 1943 

In this communication are reported delays in epithelial regeneration in 
donor areas after the application of certain chemical agents which have been 
recommended in the treatment of the burned surface. Admittedly, more 
than the single factor of epithelial regeneration enters into the choice of 
an agent for the treatment of a burned surface, and no attempt is made herein 
to evaluate other advantages or disadvantages of the various substances. 

The discrepancy in healing time between the control and experimental 
areas is the more significant, in view of the surprising consistency in healing 
time of the control areas in the various patients. Such uniformity is not to 
be expected in unhealthy, depleted patients, or in those with endocrine dis- 
orders. It is, therefore, to be stressed that when using this method each 
patient must serve as his own control, and, indeed, that a portion of the 
same donor area, not that of an area in another part of the body must 
be used for the control. 


SOr.MARY AND CONCLUSION 

The donor area from which a skin graft of uniform thickness has been 
cut with the dermatome offers a simple, clinical medium for judging the 
effect of substances upon the healing of an epithelial wound. Various agents 
recommended for the treatment of a debrided burn surface have been tested 
by applying them to the donor areas. Tannic acid, tannic acid and silver 
nitrate, gentian violet, the triple dyes, and triethanolamine solutions, all 
have been found to delay epithelial healing as compared with the control 
boric acid ointment. 
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INTRATHORACIC NEUROBLASTOMA 


CASE REPORT 

Walter E. Lee, M.D., and Joseph A. Ritter, M.D. 

Philadelphia, Pa. 

FROM THE DEPARTMENTS OF SURGERY AND PEDIATRICS. GRADUATE HOSPITAL, UNIVERSITY OF PENNSYLVANIA 

PHILADELPHIA, PA. 

Tumors derived from embryonal neurogenic tissue are not uncommon 
in infancy and childhood. This neurogenic tissue, or sympathogonia, dif- 
ferentiates either into the sympathoblasts and sympathetic ganglion cells or 
the chromaffin cells of the adrenal medulla. Four types of tumors arise 
from these embryonal cells, the malignant sympathogonioma, the benign 
ganglioneuroma, the chromaffinoma of the adrenal medulla and the malignant 
neuroblastoma. The neuroblastoma is the most commonly encountered of 
these tumors in infancy and childhood. The}'^ vary both in size and shape 
from a small, smooth encapsulated mass to a large lobulated tumor and grow 
rapidly involving contiguous structures or metastasize through blood vessels 
and the lymph stream. The typical histologic appearance (Ladd and Gross^) 
show the cells in a rosette pattern, with the cytoplasm concentrated in the 
center of the cell and the nuclei situated in the periphery. Fine neurofibrils 
are in the center of the rosettes. Such a clear-cut histologic picture, however, 
is not always seen. The less differentiated tumors are. more embryonal and 
more malignant. The classification on a histologic basis of these tumors has 
tended to create confusion in the literature. 

Neuroblastomas can occur wherever sympathetic nervous tissue is present 
but the usual site of origin of the primary tumor is in the abdomen. Farber- 
reviewed 40 neuroblastomas in children and found 32 having an intra- 
abdominal origin, four were retropleural, and four cendcal. The tumor 
may arise in the medulla of the adrenal or in any of the ganglia extending 
from the cervical area to the pelvis. Neuroblastomas arising in tbe adrenal 
medulla have been adequately reviewed by Redman, et al.,^ while neurogenic 
tumors arising in the thorax have been discussed from the roentgenologic 
viewpoint by Kornblum and Bi'adshaw,'* and Wyatt and Farber.^ A dense, 
rounded shadow in the posterior portion of the chest is considered of diag- 
nostic importance. The symptomatology of primary thoracic tumors is 
negligible until pressure of an enlarging tumor and evidence of metastasis 
become evident. The presence of an intrathoracic neuroblastoma in early 
infancy, without metastasis and without pressure symptoms, offers a difficult 
diagnostic problem, and this is- especially true when the symptoms are not 
associated with pulmonary pathology. To overlook such a lesion is an 
unfortunate circumstance, as recourse to surgical intervention and roent- 
genotherapy (Ladd and Gross,^ and Wyatt and Farber-’") may give truly 
remarkable results. 
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lAE AND RITTER 


Annals of Surgery 
January, 1943 


We are reporting a case of a five-months-old infant who offered a puzzling 
symptomatology and who was finally diagnosed by aspiration biopsy under 
fluoroscopic guidance. 



Flo 1 — Liver marRiti'i ns out 
lined by percussion. 


Case Report. — Baby W. S., male, age five months, 
was referred, on June i8, 1941, to Dr. Gabriel Tucker at 
the Graduate Hospital, because of a radiopaque shadow 
in the lower lobe of the right lung. The baby had been 
apparently well until the age of three months, when he 
developed intermittent hyperpyrexia and began to per- 
spire profusely, especially after feedings. On admission, 
the rectal temperature was 105.4° F- and later was 
J07.2° F. The infant was very restless and pallid. Res- 
pirations were shallow, accelerated, and dyspneic. The 
abdomen was markedly distended and the lower edge of 
the liver was below the transumbilical level (Fig. 1). 
There was marked suppression of breath sounds over the 
right lower lobe with flatness to percussion. It was felt 
that the child had an encapsulated process in the pleura 
or in the lung. 

The child was given sulfathiazole, and the tempera- 
ture declined by lysis. A total of 1643^ grains of sulfa- 
thiazole was administered from June 18 to July 22. 



Roentgenologic examination, on June 18, showed- “In the examination of the chest, the 
bony thorax and cardiac silhouette and aorta are negative. The lung fields are 
also negative except for a sharply circumscribed, rounded, uniform density situated 
at the right base posteriorly, which is about 6 cm. in diameter. Botli domes of the 
diaphragm move well, but the posterior mass moves very little with respiration, sug- 
gesting that it is attached to the posterior parietes. The swallowing function was 
negative, as tested by liquid barium. We suspect that the mass in the right lower 
chest is a loculated empyema.” Subsequent roentgenograms (Figs. 2 and 3), on 
the rgtli and 23rd of June, showed practically no change in the chest fields. At 
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LEE And RITTER Annals of ilurKCrV 

January, luja 

Of HO cytoplaSHi. It Is difficult to determine what these cells are but their appearance 
and arrangement suggest tumor cells but this is not certain. Tentative Diagnosis: 
Neurocytoma of the adrenal (Pepper type) ” 

Operation. On July 23 it was felt that the child was in as good a condition as 
could possibly be hoped for, and an exploratory celiotomy was performed under ether 
anesthesia. The abdomen was opened in the upper right abdominal quadrant through 
an incision which passed along the outer edge of the right rectus muscle. The liver 
seemed to be perfectly normal, and upon displacing it a mass was found in the right 
spinal gutter. The kidney could be isolated and the adrenal could be seen very clearly. 
Both of these organs seemed to be normal. An opening was made through the posterior 



Fig. 5. — PIiotoniicroKra|)li of material aspirated from tumor. 


parietal peritoneum and the mass which was uncovered was entirely separate from the 
liver. The liver was dislocated out of the abdominal cavity to the left, and it was found 
that the mass was not infra- but supradiaphragmatic, and it was necessary to incise 
the diaphragm and enter the right pleural cavitj'. The mass was found to be about the 
size of a small orange, and it corresponded to the shadow shown roentgenographically. 
The mass had a distinct capsule which made it possible to develop a line of cleavage 
and remove all of it except its hilum or pedicle, which was between two and three 
centimeters in width and attached to the bodies of the lower dorsal vertebrae. After 
clamping the pedicle, an incision was made across the tumor mass, which was then 
removed. This left some of the tumor behind with the pedicle. The pedicle was 
ligated by continuous suture ligature of No. i chromic catgut, and the opening in the 
diaphragm was closed with a continuous catgut suture, making it air-tight. The 
celiotomy wound was approximated by interrupted sutures of dermol. A transfusion 
was started during the operation. The infant was placed in an oxygen tent and, 
though his condition was fair at the close of the operation, he succumbed about three 
and one-half hours postoperatively. 

An autopsy was performed, July 23, 1941, by Dr. Howard Lorenz, Resident Pathol- 
ogist at the Graduate Hospital, and the pertinent facts from his report were as follows: 
Thorax: Upon opening the thorax it was first observed that the right chest cavity 
contained about 75 cc. of dark red blood. The right lung was fully collapsed. The 
left lung was well aerated. Heart: The pericardium was of average normal thickness, 
smooth and glistening. No adhesions or fluid were found in the pericardial sac. The 
heart weighed 55 Gm., was not enlarged, and the surface was smooth. There were no 
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LEE AND RITTER ^n™is of Surgery 

January, lU4;i 

I. Remains of tumor found along right paravertebral ganglion chain below loth thoracic 
vertebra. 2. Collapsed right lung. 3. Right hemothorax. Cause of Death: Probably 
from hemothorax and associated shock. 

Pathologic Examination.— Microscopic: Tumor. (Fig. 6) (Taken from sympa- 
thetic chain). The section (Fig. 7) shows several types of cells: (i) These have a 
large vesicular nucleus and very little cytoplasm, and resemble immature lymphoid cells. 
(2) Large eosinophilic cells with a large dark nucleus at the periphery. (3) Small 
lymphocytes. (4) Connective tissue cells with elongated nuclei and pink cytoplasm. 
(5) Here and there one sees cells which are as big as No. 2, and which stain similarly, 
but these have two nuclei, at the poles, with clear cytoplasm in between and in the 
center. In one case, it seems as if the cytoplasm had just broken in the center and 
two cells were formed. Rosettes are not seen. Ganglion cells are not seen. The speci- 
men removed at 'operation was stained by the silver method. Many fibril-like strands 
are seen, which are probably connective tissue rather than nervous tissue. Spleen: 
Contains areas of hemorrhagic infiltration of pulp. Lung: (Right) Atelectatic. No 
definite evidence of metastatic tumor was found. Adrenal Glands: Normal. Kidney: 
Normal. Sternum: Shows no definite evidence of metastatic lesions. Pathologic Diag- 
noses: Tumor; Neurocytoma (atypical). Spleen: Hemorrhagic areas. Lung: Right- 
atelectasis; left — normal. Adrenals, kidneys, and sternum apparently normal. 

Summary. — Some of the cases reported have manifestations similar to 
those in adrenal chromaffinoma, which may be due to excessive adrenalin 
secretion or to "adrenergic” action, evidencing excitability, tachycardia, pro- 
fuse perspiration, abdominal distension, vomiting and episodes of cardiac 
failure. These symptoms were quite noteworthy in this patient. Intra- 
thoracic involvement may give either no definite physical signs or signs 
mimicking other types of thoracic pathology. Because of the location of the 
tumor in the posterior mediastinum, certain signs may arise from pressure 
on the lung, pleura, vertebrae, involvement of the spinal cord, and encroach- 
ment on the diaphragm and retrocardiac space. Metastatic lesions may be 
manifest by signs in distant regions of the body. Aspiration biopsy, under 
fluoroscopic guidance, would seem to be a logical procedure in some cases. 
In fact, it may even be beneficial, in that it may initiate hemorrhage and 
necrosis, with spontaneous resolution of the tumor. It has been reported 
that neuroblastomas may undergo hemorrhage, necrosis and spontaneous 
resolution, or dififerentiate into a benign ganglioneuroma (Ladd and Gross,^ 
Cushing and Wolbach.®) Intrathoracic involvement may be mistaken for 
other types of pulmonary pathology, even with most painstaking roentgeno- 
logic studies. Once the diagnosis is definitely established, even in the 
presence of metastases, surgery and irradiation of the primary tumor and 
roentgenotherapy of the metastatic lesions is advisable. The remarkable 
experiences of Ladd and Gross,^ and Wyatt and Farber-’^ with neuroblas- 
tomas have shown that the prognosis is not hopeless even if only a part of the 
tumor is removed and distant metastatic lesions are present, if deep roent- 
genotherapy is administered. 

CONCLUSIONS 

Intrathoracic neuroblastoma, without metastases, and symptoms refer- 
able to the chest, offers a difficult diagnostic problem. Aspiration biopsy is 
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EMPYEMA COMPLICATED BY BRONCHO-ESOPHAGO- 

PLEURAL FISTULA 

J. K. Berman, M.D. 

AND 

C. E. Walters, M.D. 

Indiaxapolis, Ixdiaxa 

FROM THE DEPARTMENT OF SURGERY, INDIANA UNIVERSITY SCHOOL OF MEDICINE, AND THE SURGICAL 
SERVICE OF THE JAMES WHITCOMB RILEY HOSPITAL FOR CHILDREN, INDIANAPOLIS, INDIANA 

Perforations of the esophagus are not uncommon. They may be due 
to foreign bodies, strong chemicals, carcinoma, peptic ulcer, rupture of a 
diverticulum, trauma, or they may occur spontaneously during severe vomit- 
ing. Such perforations may cause a mediastinitis or empyema, or both. 

Perforation of an empyema into the esophagus is a rare event. Accord- 
ing to Blauvelt^ rib resection in the treatment of empyema was first advised 
by Arbuthnot Lane, in 18S2. Since then, 13 cases of pleuro-esophageal 
fistula, with empyema, have been reported, nine cases by Blauvelt, one of 
which was his own. Kanter and Madoflf- reported one case in addition to 
their own. Torbett and BennetU reported one case of their own and one by 
Fonte.‘‘ Gott^ reviewed 40 cases in 1933, added four cases of spon- 
taneous rupture. Most of these fistulae originated within the esophagus. 

Zuppinger® reported a case of perforation of the esophagus and empyema 
wall by inflammation of a mediastinal lymph node due to tuberculosis. He 
reports similar cases by Korner, Vollcker and Verliae. The perforations 
were at the level of the bifurcation of the trachea and there was no associated 
empyema. He also mentions one case in a tuberculous child of a com- 
munication between the esophagus and trachea, which was discovered at 
autopsy. Three similar cases were described by Lebland, Polandt and 
Quincke according to this author. All were tuberculous and none had 
empyema. Of the 13 cases reviewed by Blauvelt, Torbett and Bennett, five 
died and eight recovered. In no case Avas closure effected surgically, al- 
though this is mentioned as a possibility by Blauvelt. 

We have been unable to find a report of broncho-esophagopleural fistula 
either as a cause or result of empyema. The following is a report of such 
a case: 

Case Report. — David A., white, male, age 23 months, was admitted to the James 
Whitcomb Riley Hospital October 6, 1941 His aunt stated that the child was des- 
perately sick, and that everything he ate or drank drained to tlie outside through a 
tube in his chest. Also, the milk which was injected into the abdominal tube came 
out through the chest opening. 

Past History . — ^The following summary is from information given by the child’s 
aunt, and the family physician : The child was a full term baby, delivered without 
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tice and esophagus (Fig. i). This indicated a broncho-esophagopleural fistula. The 
fistula between the empyema cavity and esophagus was clearly seen. It formed a 
narrow sinus tract measuring about 2.5 cm. in length. The oil promptly entered from 
the distal esophagus into the cardia of the stomach. There was no evidence of 
caidiospasm or obstruction in the lower esophagus. 

On February 24, 1942, operation was performed under ether anesthesia. An in- 
cision was made over the 8th i ib. At a previous operation a portion of the pth rib 
had been removed. The 8th and the remaining poition of the 9th rib were now 
excised. The pleura was greatly thickened. The empyema cavity was large and 
extended up to the 5th interspace. The child’s condition was poor and it was decided 
to decorticate the cavity in two stages. Accordingly, the lower portion was unroofed 
and two lengths of one-inch Penrose drains were inserted. The skin was closed 
loosely about the drains. Following the operation 150 cc. of whole blood and 500 cc. 
of normal saline, with 5% glucose, were given intravenously. A moderately severe 
reaction occurred after the operation. The temperature rose to 102.5° F., and pulse 
to 140. By the fourth postoperative day the temperature had returned to its previous 
levels of 99°-ioo° F. 



Fig. I — Roentgenogram showing broncho Fig 2 — Roentgenogram showing esophagus 

esophagopleural fistula. Iodized oil was injected after a barium meal The fistulae are closed, 
through the thoracotomy wound (Retouched) and all wounds ha\e healed (Retouehed) 


Seventeen days later a transfusion of 75 cc of whole blood was given. The second 
stage of the opeiation was performed on the following day (March 13, 1942) under 
ether anesthesia. A transverse incision was made over the 6th rib and a bipedicled 
flap of skin was elevated and retracted downward. This was done so that it would 
cover the large wound after granulation tissue filled the empyema cavity. The flap 
remained viable and prevented extensive scarring. The 6th and /th ribs were removed 
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bud is developed only on the right side and appears in embryos of 8-9 mm. 
Various types of congenital tracheo-esophageal fistula may occur. Excellent 
reports of these anomalies have been reported by Lanman/ Leven,® and 
Carter.® Our case may have had a thin membrane separating the esophagus 
from the right main stem bronchus which perforated following a pneumonia. 
Such a perforation would have to take place at the junction of these two 
structures in order for both to communicate into the pleural cavity. Al- 
though this would be a t3qDe of anomaly not previously reported, it would 
explain the large broncho-esophageal fistula. It would he similiar to type 
3c in Lanman’s classification of anomalies, hut would constitute a connection 
of the esophagus with the right main stem bronchus instead of the trachea. 

(2) The child may have had a right-sided pneumonia followed by 
empyema. This, in turn, was complicated by inflammation of the esophagus, 
ulceration or necroses and ])erforation. This concept does not explain the 
fistula into the right bronchus which communicated not only with the 
esophagus but with the pleural cavity as well. Furthermore, it is not likely 
that pus would burrow into the esophagus and then the bronchus and then 
connect the two. It is more in accordance with experience that, having found 
an outlet, as in empyema necessitatis, this would suffice especially after rib 
resection and open drainage. 

The course of events may he as above described. The large tube intro- 
duced through the thoracotomy may have eroded through. Against this 
idea is the observation that the esophagus is pulled to the affected side. Since 
the mediastinum and its structures are very mobile in a child of this age, the 
esophagus would he pushed to the opposite side. Furthermore, it would have 
been necessary to exert continuous mesial pressure on the tube to produce 
this effect. 

We are of the opinion that this rare group of complications is the result 
of at least two factors : First, some congenital anomaly of the esophagus and 
bronchus ; and, second, an erosion through the anomalous area by the empyema. 

CONCLUSION 

A case of empyema complicated by hroncho-esophagopleural fistula is 
described. It was successfully treated by stage-operations and surgical closure 
of the fistulae. 

The author gratefully acknowledges the cooperation of Drs. Arthur P. Echternacht 
and John Campbell, of the X-ray Department, Indiana University Hospitals. 
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SUBSTITUTION OF THE URINARY BLADDER WITH A 
SEGMENT OF SIGMOID 

AiV EXPERIAIENTAI/ STUDY 

J. Dewey Bisgard, M.D. 

Omaha, Nebh. 

Total resection of tlie urinary bladder necessitates the provision of 
some method of urinary disposal. Several methods have been proposed 
and utilized, but all are attended by certain objectionable features. The 
most satisfactory method and the one employed almost exclusively is that 
devised by Coffey.^ In this operation the ureters are transplanted into 
the sigmoid and the urine evacuated with the stools. Because the ureters 
open into a field which is constantly teeming with pathogenic bacteria, 
ascending urinary tract infectious develop subsequently in a large per- 
centage of cases, and not infrequently these infections are ultimately fatal. 
There are also the objectionable features of more or less frequent evacuations 
of liquid stools and of the psychologic effect of the loss of the act of 
micturition. 

On the assumption that it was both possible and feasible to substitute 
bladder function and to use an isolated segment of the sigmoid as a sub- 
stitute bladder, a two-stage operation was planned and put to experimental 
trial. The operation has been carried through to completion in two of the 
three female dogs in which it was attempted. 

The technic of the operation is outlined in the illustrations in Plate I. 
It was performed in two stages. At the first stage the right ureter was 
divided at its junction with the bladder and dissected from its bed suf- 
ficiently to allow its transplantation to a loop of the sigmoid which had 
beeri selected to replace the bladder. The most proximal portion of the 
sigmoid which could be carried down to the position of the bladder without 
tension was selected. The ureter was transplanted by means of a strangula- 
tion suture at the head of a 1.5 cm. submucosal bed. as described by Coffey 
in his revised aseptic technic.^ Four or five centimeters above this point 
the sigmoid was divided between clamps with a cautery. The distal end 
was closed aseptically with two rows of sutures and dropped into the 
pelvis. The proximal end was brought out through the wound as a 
temporary colostomy. The abdominal wall was closed around the exterior- 
ized proximal end, the clamp removed, and the free edge of the bowel sutured 
to the skin around its circumference. Within three or four days liquid stools 
were passed by rectum. On the loth postoperative da}^ and for four days 
subsequently, the blind pouch of rectum and distal sigmoid was irrigated 
with salt solution until the solution returned clear. 

On the 14th day the second stage was performed. This consisted of 
the following steps : The left ureter was divided at its junction with the 
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bladder dissected from its bed and laid aside. The bladder was then resected 
and a small mushroom catheter threaded through the urethra from within 
out, with the mushroom-end remaining in the peritoneal cavity. The distal 
sigmoid was divided about three or four centimeters distal to the site of 
previous ureteral imidantation. The mushroom-tip of the catheter was in- 
serted into this isolated segment of sigmoid and secured within the lumen 
with a purse-string suture jdaced around it about one centimeter above 
the free edge. With traction applied to the catheter beyond the meatus 
by an assistant, the open end of the isolated pouch of sigmoid was drawn 
down to the cut end of the urethra and the two edges approximated with 
interrupted mattress sutures. The left ureter was then placed in a suh- 
mucosal bed and implanted directly into the lumen of the pouch. The 
colostomized, or proximal end of the sigmoid was dissected free from the 
abdominal wall and the continuity of the bowel was reestablished by an end- 



Plate i. — At the first stage (left) tlie tight ureter is ti ansplanted to the segment of the sigmoid 
which will subsequently he utilized as a substitute bladder. The bowel is divided above this point, 
the distal end infolded and the proximal end exteriorized as a colostomy. 

The other two drawings show the steps of the second stage; the lower one the completed opera- 
tion. These steps consist of resection of the bladder, transplantation of the left ureter, isolation of 
the sigmoid bladder, and suture of its distal free end to the urethra and reestablishment of continuity 
of the colon. 

In man it syould be safer to reestablish continuity of the colon by the Mikulicz’s procedure. If, 
however, immediate direct anastomosis were performed as shown above, a vent should be provided 
by means of a proximal colostomy or cecostomy. 
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to-end anastomosis between it and the free end of the distal sigmoid After 
closing the abdomen the catheter was cut otf at the urethral meatus and 
fixed to the meatus with a suture. Five days later it was removed. 
Both animals promptly developed urinary continence and, although the 



Fig. r. — Specimen from a dog sacrificed four months after completion of the second stage. Note 
normal appearance of the kidneys, ureters and sigmoid bladder. Also note ueil healed line of fusion 
between the sigmoid and urethra. 


sigmoid pouch would retain an installation of at least four ounces for 
15 minutes or longer, it emptied so efficiently that there was always less 
than one-half ounce of residual urine on several determinations. Within a 
month after operation the urine contained only an occasional pus cell, and 
if white cells are a measure of infection then there was no infection up to 
the time that the animals were sacrificed (three months later). Apparently 
perfectly well, they were killed merely to obtain the specimens. 

Thus, four months after the second stage of the operation the kidneys and 
ureters were completely normal. There was no evidence of dilatation or 
inflammation of either the kidney pelves or ureters. The bladder pouch 
did not differ from normal sigmoid. Its mucosa showed no evidence of 
irritation or inflammation and no metaplastic change. Photographs of the 
gross specimen of one animal appear in Figure i. Bacteriologic studies of 
the urine and studies of motor function of the pouch are now being made. 

By dividing the operation into two stages, two important objectives were 
accomplished. Continuous urinar)'^ excretory function was assured. The 
success of the first ureteral transplant was established before disturbing the 

lOS 



segment ol s'g'"°.^^_^;j., 5, 

sUgM nsk oottoimsioN's s.„<l fa 


. 1 nevitomtis. 

«gfa oo^'c.mmo^m and to 

«„e operation iov J signtoid is Pf “‘“^ans ot 

XS-oid There^;”.;, " n too short ^ «- 

There is no oo 

be itti'iKd in "“’• REFERE^iCES ^ p„,«fising 

^ C - Prolactioa oI f 

‘ ,:t‘':i " ""“ ’-r . Tccb.dc (Tccbnic 

Idcw: 'Transpa" October in, Transb>^’0’^ Northwest Mecb, 

T A. "M. A., 99> y , TT^jnertences w , ^.,tc Intestine. 

. Further Studies and ^^rs into har„e 

"•■v rt for Tra..spto“""' »' '"' 

3c; 3., Ja"”'''- 


109 



SO-CALLED RETROPERITONEAL LIPOMA 

REPORT OF SEVEN CASES 

J. Sutton Regan, M.D., S. Sanes, M.D., ano James D. MacCallum, M.D 

Buffalo, N. Y. 

FROM THE SURGICAL SERVICE — DR. JAMES C. SULLIVAN, ATTENDING — AND FROM THE PATHOLOGICAL 

LABORATORY DR. KORNEL L. TERPI.AN, DIRECTOR — OF THE BUFFALO GENERAL HOSPITAL, AND THE 
UNIVERSITY OF BUFFALO MEDICAL SCHOOL, BUFFALO, N. Y. 

So-called retroperitoneal lipomas comprise a rather characteristic 
group of tumors. In addition to fatty tissue, these neoplasms may contain 
connective and mucoid tissue, bone, cartilage, and sarcomatous areas. Hence, 
some of them are projierly referred to as retroperitoneal mixed mesenchymal 
tumors. The etiology of “retroperitoneal lipoma” is unknown. The' most 
common site of origin is above the pelvis in the lumbar, perirenal, or pre- 
vertebral fat. Either side of the abdominal cavity may be involved. Oc- 
casionally the tumors are multiple or bilateral. They commonly give off 
large projections. Growth is generally slow but progressive. So-called 
retroperitoneal lipomas attain the largest dimensions of any solid abdominal 
tumor. They may extend from diaphragm to pelvis. They are lobulated, 
usually yellow in color, and encapsulated. Consistency varies, with soft, 
fluctuant, and Arm areas. Regressive and inflammatory changes are prone 
to develop. 

On the average, “retroperitoneal lipomas” are first recognized in patients 
between 40 and 60 years of age. Women are affected three times as 
frequently as men. Diagnosis of so-called retroperitoneal lipomas before 
operation or autopsy is difficult. Symptoms are few and obscure. They 
result from enlargement of the mass, its pressure on, and displacement of 
adjacent organs, regressive changes and malignant proliferation. In late 
stages “retroperitoneal lipoma” may produce emaciation, sometimes wthout 
definite loss of weight. Physical examination and radiographic investigation 
are of aid in localizing a tumor. The only possible treatment is operative. 
Removal of the tumor, however, may be hampered by its size and relation 
to neighboring structures. These factors help to explain the rather high 
incidence of operative mortality. Recurrence follows operation not only 
in tumors with sarcomatous areas but also in those diagnosed as histologically 
benign. For this reason “retroperitoneal lipoma,” regardless of the micro- 
scopic picture, is considered by some authors as potentially malignant. The 
effects of radiation as a pre- and postoperative measure have not yet been 
definitely evaluated. 

In the following seven cases, we record the surgical and pathologic 
experience with tumors in the group of “retroperitoneal lipoma and lipo- 
sarcoma” at the Buffalo General Hospital, during the past ten years. 

no 
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incision. Fatty, fibrous tumor, size of a grapefruit, was found, witli origin in retro- 
peritoneal space, firmly attached to transverse colon. Biopsy was taken. Postoperatively 
patient developed mental, urinary, and respiratory symptoms. 

Postmortem findings: Retroperitoneal, well encapsulated, soft lipomyxosarcoma 
(21 X 14 X 3 cm.) in front of right kidney firmly attached to second and third 
portions of duodenum, with purulent inflammation of anterior part of tumor in con- 
nection with an opening in lateral wall of third portion of duodenum. 


Plate I 

A B 



C D 


A. — Fibrolipomatous structure, with hemorrhage and inflammation (Case 5). 

B. — Lipomatous structure, with regressive change (Case 1). 

C. — Edematous and myxomatous structure (Case 2). 

D. — Sarcomatous structure (Case 3). 

Other findings : Coronary sclerosis with occlusion ; myocardial infarcation of left 
ventricle, with partial aneurysm and rupture; hematopericardium, chronic passive 
congestion of liver and spleen; marked lipomatosis of retroperitoneal, pelvic, peri- 
cardial and mesenteric tissue; hazelnut-sized lipoma of ascending colon; hypertrophy 
of prostate; hypertrophy of bladder, tracheobronchitis, fibrous, adhesive pleurisy; pul- 
monary emphysema. 

Case 3. — V. L., white, female, age 53, was admitted August 9, 1935- She died 
August 14, 1935. For the past three years the abdomen had gradually increased in 
size. There was a loss of weight of 20 pounds. Five days before hospitalization pain 
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appeared in right lower quadrant. Temperature g8.6° F. : blood pressure 130/75. On 
phj^sical examination, the abdomen was greatlj'- distended. The distention was most 
marked in lower portion. Consistency of distended portion was soft. Percussion 
note over it was dull. 

Laboratory'' data : Hemoglobin So%, R.B.C. 4,400,000 ; W.B.C. 5,450. Urine : 
Several white blood cells. Clinical Impression: Ovarian cyst. 

Operation. — August 10, 1935 : Avertin, nitrous oxide-oxygen anesthesia. Right 
rectus incision. A solid, edematous tumor was found behind peritoneum on right 
side at level of ascending colon, extending to spleen. The tumor, which gave off about 
six tongue-like masses, was removed. During removal, duodenum was torn where 
tumor was adherent to wall of the second portion; the rent was sutured with chromic 
gut and linen. Terminal ileum, cecum, and colon were resected because the blood 
supply had been entirely removed from this portion of the intestine in excision of 
the tumor. The transverse colon was invaginated, purse-stringed with linen, and allowed 
to fall into the peritoneal cavity. Rubber tube was placed in the end of the small 
intestine and brought into wound. One large oilsilk pack and one large rubber tube 
drain were placed into tumor cavity. Transfusion. Postoperatively, patient developed 
fever, stupor, and respiratory symptoms. 

Pathologic n.vantination. — Gross: Edematous, lipomatous tumor and five large 
masses composed of lobules. Surface of the tumor was smooth ; color was yellow. Esti- 
mated weight 21 pounds; measurements 35 x 25 x 6 cm. Appendix, cecum, ascending 
colon. 24 cm. long. iMicroseopic : Lipofil)romyxosarcoma, with edema and necrosis. 

Case 4. — A. M.. white, male, age 67, was admitted August 20, 1938. He died 
October 4, 1938. In 1935 a fatty tumor was removed from the “abdominal cavity” 
through a suprapubic incision ; at the same time unilateral orchectomy was per- 
formed. The abdomen had become enlarged for six weeks previous to present ad- 
mission. There were swelling of the legs and dyspnea. The patient said that he 
was getting thin, but not losing weight. Temperature 98° F. ; blood pressure 120/80. 
Upon e.xamination, there was emaciation. The abdomen was markedly enlarged, tense, 
dull. The legs were edematous. 

Laboratory data : Hemoglobin 92%, R.B.C. 4,050,000 ; W.B.C. 6,900. Urine : 
Occasional white blood cell. Gastric analysis : Free hydrocliloric acid present. 

Radiographic examination ; A plain film of the abdomen was dense. A gasto- 
intestinal series showed a filling defect at pyloric end of the stomach. It was narrow 
and irregular. There was a 24-hour residue. Roentgenologic Diagnosis : Growth of 
stomach. Clinical Impression : Retroperitoneal tumor (aneurysm?). 

Operation. — August 22, 1938: Avertin-novocain anesthesia. Right rectus incision. 
A retroperitoneal, football-sized, smooth, dark mass attached posteriorly was palpated. 
No fluid was obtained bn aspiration. No murmur was heard. 

Postmortem findings : Retroperitoneal myxolipoma, with edema, hemorrhage, ne- 
crosis and inflammation on right side, apparently originating in right iliac fossa; weight 
20 pounds, measurement 30 cm. in diameter. In addition there were several small 
retroperitoneal lipomas. 

Secondary effects of tumor: Displacement of stomach, small intestine and ascend- 
ing colon ; thrombosis of iliac veins ; edema of legs ; slight hydrophrosis of right kidney. 

Other findings : Aspiration of gastric contents in lungs, right adhesive pleurisy, 
brown atrophy of heart, diverticulosis of sigmoid, leukoplakia of esophagus. 

Case 5. — O. W., white, female, age 41, was admitted to the hospital January 8, 
1938. She was discharged, “recovered,” April 28, 1938. Ten days before hospital 
entry the patient developed sudden, sharp pain in left side of abdomen, which radiated 
into left buttock and groin. She collapsed and was very restless. The pain required 
morphine for relief. Temperature 101° F. : blood pressure 120/70. Upon examina- 
tion, a large mass occupied entire left side of abdomen, firm, not tender, not mobile 
on respiration. 
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Laboratory data: Hemoglobin 78%, R.B.C. 4,410,000; W.B.C., 18,200. Urine- 

Occasional red blood cells, white blood cells, and casts. Stool: Positive test for 
occult blood. 

Genito-urinary and radiographic examination.— January 10, 1938: On left side, 
catheter passed to level of twelfth dorsal vertebra toward median line of spine. It 

flared outward and upward in this line. Pyelogram on left showed calyces not well 

visualized; right kidney showed concave irregularity in lower calix (cyst?). January 
^ 3 , 1938: A large elliptical-shaped density on left side, occupied space between eleventh 
rib and crest of ileum, from spine to periphery of abdomen. Diodrast showed left 
kidney crowded upward. Right kidney was well demonstrated. Clinical Impression: 
Retroperitoneal tumor. 

Operation. ^January 15, 1938: Avertin-nitrous oxide anesthesia. A left “T” 

incision. Peritoneum was separated from parietal wall. A tumor, the left kidney, 
and a portion of the left adrenal gland were removed. Renal vessels were controlled 
with chromic gut ligature. Abdomen was closed with interrupted chromic gut and 
silkworm sutures. Penrose drain was brought out througli left flank by stab wound. 

Postoperative Course: Profuse drainage from wound developed. Subsequently 

incision healed except at drainage site. Roentgenograms revealed sinus leading to level 
of first and second lumbar vertebrae. 

Pathologic Examination.— Gross: Large fatty tumor, 18.5 x 13.5 x 10 cm.; esti- 
mated weight seven pounds, surrounded by a distinctly distended capsule which con- 
tained injected veins and through which showed blood masses. Kidney was firmly 
adherent to capsule of upper part of tumor. On section, tumor exhibited a hemor- 
rhagic pseudocyst within the subcapsular space, most pronounced at medial surface. 
The pseudocyst contained fluid and clotted blood. Most of the clots were adherent 
to wall, which revealed hemosiderosis. Renal pelvis was not distended. Ureter was 
cut 5 cm. below pelvis. Microscopic: Typical fibrolipoma, with hemorrhage, purulent 
inflammation and slight necrosis. Not malignant. 

Case 6. — E. P., white female, age 47, was admitted April 27, 1941. She was 
discharged, “recovered,” May 24, 1941. Twenty years previously the patient had had 
a pelvic operation. During the past five years a ventral hernia had developed in the 
incisional scar. Temperature 99.5° F. ; blood pressure 150/90. Upon examination, an 
incisional, reducible hernia was found in a low suprapubic midline scar. Laboratory 
data: Urine: 25-30 white blood cells. Clinical Impression : Ventral incisional hernia. 

Operation . — April 29, 1941 : Nitrous oxide-oxygen-ether anesthesia. Incision to 
left of umbilicus, over hernia. In abdomen was found a huge retroperitoneal tumor 
which extended from liver on right side to costal margin on left side and to pelvis. 
Without difficulty the whole mass was brought out of the abdominal cavity. It was 
found to spring from right side of pelvis. With separation of peritoneum, the tumor 
was enucleated from its capsule. Excess peritoneum on right side, which had covered 
a portion of mass, was cut away. Peritoneum was freed on each side of incision 
and sutured; fascia was sutured. Skin was closed with silkworm and retaining sutures 
of dermal. 

Postoperative Course . — There was a slight amount of fetid, purulent drainage from 
wound. On May 13, I 94 i, A’c wound was healed. 

Pathologic E.vamination.— Gross: Encapsulated, lipomatous tumor, with marked 
edema and pseudocyst formation, measurements 39 x 30 x 8 cm.; weight 16.5 pounds. 
Microscopic: Fibrolipoma, with marked edema. No recognizable evidence of malignant 

change. 

Qase 7. R. F., white, female, age 53, was admitted December 12, 1941. one 

was discharged “recovered” December 29, 1941. Four years previously the patient 
had an hysterectomy for fibroids. One month before admission an incidental examina- 
tion disclosed a mass in lower abdomen. Temperature 98.6° F.; blood pressure 200/no. 
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RETROPERITONEAL LIPOMA 


Upon examination, an orange-sized, fixed mass was palpated in right lower quadrant 
arising from false pelvis. 

Laborator}' data: R.B.C. 4,900,000; W.B.C. 11,000, with 84% neutrophils, 1% 
eosinophils, 9% b'mphocytes and 6% monocj'tes. Clinical liiiprcss-ioii: Ovarian cyst. 

Opcraiion. — December 14, 1941 : Nitrous oxide-oxygen-ethcr anesthesia. Low 
midline incision extending up beyond the umbilicus on the right side. Masses were 
felt behind the peritoneum, extending from the pelvic cavity to the right kidney. 
Multiple lipomas were removed. They had no connection with the kidney. Right 
ureter was seen behind the tumors. Sulfanilamide was dusted into the retroperitoneal 
spaces. Opening in posterior wall was closed with plain catgut. Chromic gut was 
used for muscle and fascia. No drainage. Postoperative course was uneventful. 

Pathologic Exaiuiiiafioii. — Gross: Lipoma consisting of several ball-shaped tumors, 
varying in size from S-13 cm. in diameter. Also, conglomerated orange- and grape- 
fruit-sized tumors connected with each other by fibrous tissue membranes. Weight 
of entire specimen 2,625 grams (one ovary also received). Microscopic: Fibrolipoma, 
with considerable number of atypical small giant cells and few multinucleated giant cells. 


.SUMMARY 

The findings in our series of so-called retroperitoneal lipoma can be 
briefly summarized : 

Age Incidence: In our seven patients the ages ranged from 41-83 years. 
Two patients fell into the fifth decade: two, into the sixth decade; two, into 
the seventh decade; and one, into the ninth decade. The average age was 
58 years. 

Sex Incidence: There were five females and two male. 

. Pathologic Findings: All the tumors were situated in the retroperitoneal 
tissue above the pelvis. In two cases, however, the tumor was thought to 
have originated in the pelvic cavity. The right side of the abdomen was 
involved six times. Five tumors were of the single type. In two patients, 
the lesion was multiple. Projections w^ere given oft* from the main mass in 
two cases. The tumors were usually demarcated from surrounding tissue, 
lobulated, yellow’ to yellow-grey in color, and of varied consistency. Edema, 
pseudocyst formation, myxomatous changes, inflammation, and hemorrhage 
w’ere frequent. The average w’eight w^as about 15 pounds. The largest 
tumor extended from diaphragm to pelvis. Tumors produced compression 
and displacement of liver, colon, duodenum, stomach, kidney, ureter, and 
inferior vena cava. Frank sarcomatous lesions w^ere present in three cases. 
In tw'o of these, wdiich came to necropsy, metastases w^ere not found. 

Symptoms: Four patients complained of symptoms directly referable to 
the retroperitoneal tumor. Presence of a mass and gradual progressive en- 
largement of the abdomen over the period of three years w^as the most 
common complaint. In one patient, sharp pain, apparently due to sub- 
capsular hemorrhage in the lipoma, brought the patient to a physician. 

Three patients w^ere not aw^are of the presence of the retroperitoneal 
tumor, until discovery of the lesion by a physician, wdio w'as consulted 
for (i) coronary occlusion; (2) incisional hernia; and (3) hypertension. 
Symptoms, on the basis of compression of adjacent organs by the tumor, 
included edema of legs, dyspnea, and vomiting. History of loss of weight 
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was elicited in two cases. One patient called attention to emaciation, without 
actual loss of weight. 

Previous Operations: Three patients had celiotomies from 4-20 years 
before the last operation at the Buffalo General Hospital. In two of these 
patients the tumor had not been present at exploratory celiotomy 4 and 20 
years previously; in one, a “fatty tumor’’ had been removed at the first 
operation. 

Physical Examination : Five patients showed enlargement of the abdomen. 
Four times, a definite mass, which was not tender and did not move on 
respiration was palpated. Percussion note over the mass was dull or 
tympanitic. In two patients, with enlargement of abdomen and mass, out- 
lines of the mass were not delineated. 

Radiographic Examination : Roentgenologic studies were made in four 
patients. Pyelograms revealed displacement of kidney and ureter in two 
cases. In the other two cases, gastro-intestinal study disclosed displacement 
and obstruction of stomach and duodenum. 

Clinical Impression: The diagnosis of “retroperitoneal lipoma” was not 
made preoperatively in any instance. Retroperitoneal tumor was the clinical 
impression in three patients ; incisional hernia, in one, overian cyst in two, 
and fibroid uterus, in one. 

Operative Reports: Six patients were operated upon via the transperi- 
toneal route. The tumor could be removed in four cases. In one of these, 
along with the tumor, the cecum, ascending colon, and appendix had to be 
excised because of injury to blood supply; in another case, the kidney and 
portion of the adrenal had to be extirpated together with the retroperitoneal 
tumor. Factors which apparent!)' influenced the operability of a tumor 
were size, encapsulation, and absence of incorporation with vital organs. 
Tumors removed, weighed 21, 7, 16.5, and 6 pounds respectively. 

Mortality: Of the four patients in whom the tumor was extirpated, three 
recovered. Two developed drainage from the wound. The fourth patient 
of this group died three days after operation (excision of cecum, ascending 
colon, and appendix, suturing of duodenum) with fever, stupor, and respira- 
tory symptoms. Three patients who had had celiotomies performed, but 
without removal of the retroperitoneal tumor, died 10-13 days following 
operation. The primary causes of death at autopsy were (i) peritonitis, 
from perforation of cecum; (2) rupture of heart from myocardial infarct, 
and peritoneal abscess in connection with sinus into duodenum, and (3) ptil- 
monary aspiration of gastric content. 

Irradiation: No patient received pre- or postoperative radiation. 
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THE SURGICAL TREATMENT OF THE CONGENITAL 
MALFORMATIONS IMPLICATING THE DISTAL SPINAL CORD 


Jefferson Browder, M.D. 
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FROM THE SURGICAL DEPARTMENT OF THE LONG ISLAND COLLEGE OF MEDICINE, THE NEUROLOGICAL UNIT 
OF THE BROOKLYN HOSPITAL, AND THE NEUROSURGICAL SERVICE OF THE KINGS COUNTY HOSPITAL 

BROOKLYN. N. Y. 

Congenital anomalies of the lumbosacral region comprise a variety of 
defects ranging from the innocent cleft of a single vertebral arch to the large 
meningomyelocele with absence of fusion of the neural folds and with neither 
mesodermal nor ectodermal covering. Some patients with such malformations 
come under observation because of disturbances in function of the anorectal 
and vesicular sphincters and/or deformities of the lower extremities, the ex- 
ternal evidence of an underlying defect in the nervous system having passed 
unnoticed or being absent entirely. Others are born with an obvious mass in 
the lower part of the hack. Since the now classical description by von 
Recklinghausen^ of a case of congenital clubfoot with h)'-pertrichosis and 
spina bifida occulta, a number of excellent discourses have been recorded 
in the literature concerning the anatomicopathologic features of these anom- 
alies,^’ ® the concomitant disturbances in function of the extremities, 
and the alterations in neural mechanism of the vesicular and anorectal sphinc- 
ters.’’’’ ° Many methods of therapy have been advocated for the allevia- 

tion or cure of distressing symptoms that result from the maldevelop- 
ment.^®’ There still remain, however, certain aspects of the 

therapeutic problem that have eluded satisfactory solution ; consequently, many 
patients handicapped by lack of normal control of the urine and feces are 
unable to obtain desirable employment or to engage in social activities. Some 
of these can be rehabilitated by judicious surgery and it is with special 
reference to this method of treatment that the present paper is primarily 
concerned. 


ANATOMIC AND PATHOLOGIC CONSIDERATIONS 

It seems unnecessary at this time to review the recorded theories con- 
cerning the causative factors in the formation of congenital anomalies of the 
distal end of the spinal s:ord. Suffice it to say that a disturbance in the 
closure of the medullary folds in the embryo is quite generally held to be 
responsible for the maldevelopments. Nonnally, the neural folds in the 
cephalic and caudal regions are the last to close and, interestingly enough, 
the congenital anomalies are most commonly found in these areas. Examples 
are observed in which a failure in fusion of the vertebral arch or arches is the 
only telltale evidence that embryonal development did not travel at a normal 
pace. These are usually the cases of spina bifida disclosed by roentgenologic 

118 





^^omaubs OB 




^EGton 





JEFFERSON BROWDER Annals of Sur^er^ 

Januarj , 1043 

examination. The presence of a dimple, a nipple, striae, telangiectasis, hyper- 
trichosis or excessive pigmentation of the skin overlying any part of the cere- 
brospinal axis (Fig. i) suggests an underlying defect. la some, there are 
symptoms and physical signs indicative of an accompanying, disturbance re- 
ferable to the nerve tissue. In others, without neurogenic dysfunction, mal- 
development of the mesoblastic elements is a prominent feature.*’ This concept 
is readily comprehensible, for examples are seen that show extensive over- 
growth of bone about the defective area without clinical evidence that the 
spinal cord or cauda equina is implicated. A most remarkable instance of 
this type came under my observation some years ago. In this patient two 


Fig 3 . — A nicningomjelocele of the himhosacral area, \\ith the spinal cord adherent 
to the dome of the c>st, as illustrated in Figiiie 4.' 



parallel sheets of bone, half the width of one’s palm, lying deep in the sub- 
cutaneous tissue and extending from the sacrum to the occiput, were demon- 
strated roentgenologically. In the cervicodorsal region there was a joint- 
like mechanism that permitted limited flexion and extension of the head. The 
child was appropriately called by the house staff, the “armadillo-kid.” Often 
imperfections of laminae in the lumbosacral area are accompanied by ad- 
herence of the dura to the overlying tissues but without evidence of implica- 
tion of the intradural structures. In others a fibrolipomatous mass may 
occupy the epidural space at the site of the anomaly and this mass is con- 
nected by a fibrous stalk with a large fat pad situated subcutaneously (Fig 2). 
Occasionally the fatty mass extends into the dural envelope and is dispersed 
about the spinal cord or a large filum terminale and the adjacent spinal roots. 
A small dorsal protrusion of the meninges may be enclosed in the fibrolipoma 
and this trapped within the vertebral canal. If a meningocele is present, 
the vertebral arch or arches are widely defective and the cystic mass is 
covered with granulation tissue, with a parchment-like membrane, or with 
well-formed skin. The fluid-containing cavity in the mass may communicate 
freely with the subarachnoid space, or a portion of the meningocele may be 
composed of a compartment containing yellow fluid and not communicating 
with the subarachnoid space. In one instance in my experience, the mass 
comprised four separate cysts somewhat radially arranged about an obliterated 
lumen in the neck of a meningocele. Prolapse of a part of the cauda equina 
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deformed spinal cord may Ije cystic and, if opened, a communication with 
an enlarged central canal is visible. Infrequently the entire meningocele is 
lined with the thinned-out anomalous spinal cord, the nerve roots being 
demonstrated only after the neural tissue has been dissected from the dura. 

Microscopic examination of the spinal cord immediately cephalad to the 
malformation usually discloses paucity of neural cells in the grey columns, 
variable degrees of dilatation of the central canal, and compression of both 
long and short fiber tracts (Fig. 5). At the site of attachment of the cord 
to the sac, changes are frequently so marked as to constitute a complete 
transverse lesion of the cord at this level. Segments of the cord distal 
to its attachment to the sac show imperfect development, in fact, the neural 
tissue is frequently scanty and fused with mesohlastic elements. 



Vie. S. — A section of tlie sninal cord just ccplialad to a meningomyelocele showing 
conijiression of both grey and white columns by tbc hydromyelia. 


I’lIYSIOnOGIC FEATUJfES 

The anatomic findings indicate that several features are to be given 
consideration in attempting to estimate the underlying reasons for func- 
tional disturbances observed clinically. One may comprehend, for the most 
part, at least those dependent upon gross defective development in the 
spinal cord. These consist, in the main, of alteration in function of the 
anorectal and vesicular sphincters, loss of cutaneous sensibility of the saddle 
area, and paresis to paralysis of the legs and feet associated with deformities 
of the feet and toes. Motor and sensory implication of the lower extremities 
depends upon the degree of neural involvement. It is to be remembered, 
however, that abnormal physical findings of neurogenic origin may change 
as the patient grows older. It has been observed in some infants with 
lumbosacral meningomyelocele, that for several weeks after birth the urine 
is passed in quantities at intervals, the diaper remaining dry in the interim. 
As the meningocele increases in size dribbling of urine is observed, usually 
an overflow incontinence, however in some cases the sphincters eventually 
become relaxed and total incontinence ensues. 
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rounded, soft prominence over the distal part of the spine covered with well developed 
skin. Tlie third, fourth and fiftli sacral dermatomic zones were anaesthetic and anal- 
gesic. The external anal sphincter was lelaxed. The ankle jerks were absent bi- 
lateral]}'. At operation, the major part of the mass was found to be composed of 
fat with iiiegularly disposed heavy bands of fibrous tissue. The fifth lumbar and first 
sacral vertebral arches were bifid. In the central part of the mass, and protruding 
through the bony cleft, was a multicystic malformation in which an abnormal spinal 
cord terminated (Fig. 6). The defective spinal cord was divided at its termination in 
the mass, the cord replaced in vertebral canal, the duial envelope reconstructed, and 
the wound closed with silk. The postoperative course was uneventful. Three montlrs 
after operatioir recovery was conrplcte and itoi-mal coirtrol of the bladder and rectum 
has continued during the past six years. 



Fig 6 — A fibrolipomatous mass, with an enclosed malformation of the distal 
part of the spinal cord removed at operation. 

Coniiucnt . — The appearance of tlie spinal cord above the ai'ea implicated 
presented evidence that a normal upward migration had not occurred. The 
size of the fibrolipomatous mass and the cystic formation found in the ver- 
tebral canal was not such that one could assume that a direct compression 
of the neural elements was the causative factor of the dysfunction. It seemed 
unlikely that traction on the cord could account for the onset of symptoms 
at this late period in life. An etiologic agent could, therefore, not be assigned 
with certainty. 

The physiology of both micturition and defecation is still not clearly un- 
derstood, although some excellent vork has been reported on the sub- 
jeetjs, 10, 20, 21 jj- seems well substantiated that the internal vesicular sphinc- 
ter contracts and relaxes in reciprocal relationship with the detrusor muscle. 
Since the exact role of the three components (sympathetic, parasympathetic 
and somatic) of the neural mechanism of the bladder in normal man is as 
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Occasionally symptoms have been present during childhood, then disappeared, 
only to recur after a number of years. Finally, there may be no complaint 
until the fifth or sixth decade when a slight disturbance of the urinary ap- 
paratus results in urinary retention. Some patients have mild alterations in 
function of the distal spinal cord throughout an active and useful life and 
it is only following the introduction of a diagnostic instrument into the urin- 
ary bladder or the ill-advised use of a catheter, that a chain of symptoms is 
initiated which frequently persists. The following report is an illustration; 

Case 2. — A female, age 29, with a rounded elevation over the lumbosacral area 
covered with true skin, had observed since childhood that it was necessary to strain 
moderately to start the urinary flow. On several occasions when accidentally struck 
in' the lower back she had “lost her water.” In addition, the bowels were costive and 
the right foot was slightly deformed. Nevertheless, she had engaged in social activities, 
and for a number of years gone to business. She was married at age 24, and had 
had a child. For two days following delivery, there was urinary retention, relieved 
by catheterization. Voluntary urination was then reestablished and she was “normal” 
again. Following the birth of a second child, the urine was intermittently withdrawn 
by catheter for a period of three daj's, after which normal micturition was again es- 
tablished. This time she did not fare so fortunately. There ensued chills and fever, 
later intermittent retention of purulent urine and suprapubic pain. Bladder irrigations 
were instituted with some relief but before long there was another episode of chills 
and fever associated with dull aching pains in the right flank and right kidney region. 
It became increasingly more difficult for her to pass urine, requiring much straining 
even to partially empty the bladder. This patient is still in serious difficulty from 
the urinary tract infection, 18 months after the birth of her second child. 

Comment . — The method of emptying the urinary bladder by suprapubic 
pressure is apparently not generally known or at least seldom employed. 
It should be used in all instances of urinary retention due to neural dysfunc- 
tion and catheterization should not be resorted to except as a last resort. 
Once a pyogenic micro-organism has established itself in the urinary tract 
the conditions are favorable for continued growth of the bacteria in 
spite of all therapeutic measures. 

Russell Brain^” has commented on the patient that comes under observa- 
tion during adult life as follows: “In such cases (spina bifida occulta) a 
careful investigation of the history usually shows that symptoms were present 
at an early age, though improvement may have occurred, to be followed by 
a relapse in early adult life. Such a relapse may be due to the effect of 
growth in causing tension upon the lower end of the cord and cauda equina, 
which are anchored at an abnormally low level or to the compression of these 
structures by fat or by the band described by Leri.” In all instances of con- 
genital anomalies of the spinal cord encountered in adult life, especially if 
symptoms have been absent for several years and then reappeared, one must 
-be on guard lest a more recently established lesion of the urinary apparatus 
or spinal cord be overlooked. 

While the diagnosis of spina bifida occulta may be arrived at without 
difficulty, it is sometimes impossible to determine the exact part the anomaly 
may play in a child without evidence of dysfunction other than nocturnal 
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enuresis. Frequently bed-wetting is the only manifestation, the child being 
continent during the day. In all such cases conservative therapeutic measures 
are to be given a fair trial before any form of operative interference is 
carried out. 

Another group of the malformations of the lumbosacral region are those 
with obvious protruding cystic masses covered with a thin bluish layer of 
epidermis or a reddish granular surface consisting of a malformed spinal 
cord without cutaneous protection. Usually the surface of the latter is 
weeping cerebrospinal fluid. The lower extremities of patients with this 
type of lesion are commonly distorted and the musculature of the legs 
and feet paretic or paralyzed. Analgesia and anesthesia of the buttocks, 
lateral aspects of the legs, and the feet may be demonstrable. The ankle 
jerks are absent. The external anal sphincter is frequently patulous. During 
forceful crying urine and feces may be extruded;- Ventriculographic studies 
will frequently disclose considerable ventricular dilatation. Some of these 
patients require surgical repair of the spinal defect during the first few months 
of life lest the thin membrane of epidermis rupture and infection ensue. 
Furthermore, the cystic mass if untreated increases in size, thereby placing 
additional traction on the intradural structures. If the meningomyelocele be 
well protected by relatively heav}^ covering, operation may be deferred until 
the child is ten to twelve months of age. 

DISCUSSION RELATIVE TO THERAPY 

In contemplating operation it is to be remembered that conservative 
measures are frequently ineffective and that spontaneous cures are prac- 
tically never obsen^ed. The pertinent information derived from all available 
sources (studies of specimens obtained at autopsy, reports of observations 
made at operation, and theoretic concepts based on clinical findings) indi- 
cates three important factors acting singly or in combination that should be 
given consideration in evaluating the cause of the dysfunction associated 
with congenital malformations of the distal end of the spinal cord. These are 
(a) abnormal masses of mesodermal tissue that press upon the neural struc- 
tures; (b) defective development of the sacral spinal cord itself; and (c) 
absence of upward migration of the spinal cord with resulting neural dys- 
function dependent upon an abnormal tension being exerted on the cord. 
It is this traction on the spinal cord that has not been accorded its due con- 
sideration in discussions of the surgical treatment of spina bifida occulta and 
of the more obvious congenital malformations of the lumbosacral region. 

In all instances it becomes necessary to differentiate the dribbling of urine 
due to a relaxed sphincter from that due to overflow incontinence, in esti- 
mating the amount of residual urine, and in determining the contour of 
the urinary bladder. These are basic features that must be evaluated before 
instituting surgical treatment in a patient with spina bifida with myeleo- 
dysplasia. 

There appears to be little diversity of opinion regarding the surgical 
treatment of simple meningoceles. These lesions are relatively rare in the 
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lumbosacral region. Examples have been observed at operation in which 
the neck of the sac was rather small and its lumen sometimes completely 
obliterated, there being no obvious communication between the cavity of 
the mass and the spinal subarachnoid space. Eollowing careful inspection 
of the interior of the cyst, total excision of the meningocele will not be fol- 
lowed by hydrocephalus in the majority of instances. Treating the sac by 
rolling it up and covering the mass with a tent of fascia, as advocated by 
Penfield and Cone,^! (decreased the possibility of augmentation of 

ventricular hydrops in my experience. Masses of adipose tissue, the so- 



Fiq 7 — Illustrating: the appearance of the operatne field after the spinal cord has 
been detached from the dome of the cyst wall. 

called fibrolipomata, and the “blind” meningoceles are to be well exposed 
and completely removed except for the fat through which spinal nerves may 
pass as they leave an abnormally short dural cul-de-sac. 

The selection of a patient who may be improved by operative inter- 
vention is sometimes difficult. Certainly, one should not expect to correct 
total relaxation of the anorectal and vesicular sphincters associated with grave 
disorder in both motor and sensory function of the lower extremities by 
an operation upon a malformed spinal cord. If operation is to be carried 
out under these conditions it should be understood that the unsightly mass 
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is to be removed, so that clanger of spontaneous rupture is eliminated but 
that the neural dysfunction will probably remain unaltered. If there be 
minimal motor and sensory disturbances in the legs and feet associated with 
analgesia and anesthesia of the saddle-area, and a spastic state of the internal 
sphincters, improvement in function of the sphincters, in particular, usually 
follows operative intervention. This has been obtained in both spina bifida 
occulta, Avhere the spinal cord is adherent to the abnormal dura as well 
as in the meningomyeloceles. The spinal cord distal to the point of its 
adherence and the nerves attached thereto are usually functionless. For this 



'^1 


Fig. 8. — The spinal cord is lying free in the vertebral canal and a dural 
envelope is being reconstructed. 

reason it becomes useless to attempt preservation of these structures, however, 
great care should be exercised to prevent damage to nerve tissue at, or 
cephalad to, the point of the spinal cord attachment. The incision for the 
exposure of the lesion should be made slightly to the side of the midline, 
thereby obviating possible damage to the spinal cord at its point of attach- 
ment (Fig. 4). This is particularly important in opening the cystic portion 
of a meningomyelocele. After adequate exposure and identification of all 
structures the cord should be freed and the cut surface closed by approximat- 
ing the edges of the pia mater (Fig. 7). The cord may be found constricted 
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cil Its entrance to the sac. If so, the dura should be incised in order to relieve 
the constriction and a plastic repair performed to insure against recurrence 
of the strangulation at this site. A loose-fitting dural envelope is recon- 
structed, the redundant part of the sac excised and the wound closed with 
layer silk (Fig. 8). 

Operations upon children less than i8 months of age should be per- 
formed under local infiltration of novocain. In older children and adult 
patients open drop ether has been employed, however, other types of inhala- 
tion anesthesia may prove just as satisfactory. The operation should be 
conducted with the head at a lower level than the operative field to prevent 
excessive loss of cerebrospinal fluid. This requirement is best met in small 
children by making the subject fast to a board and tilting the foot end 
upward. For older children and adults the operating table may be tilted 
to the desired position. Another item that assumes considerable importance 
is the prevention of contamination of the wound or the sterile drapes with 
feces. This is especially true in young children when the operation is being 
performed under local anesthesia, and the child is frequently crying. Be- 
cause of disturbance in function of the anorectal sphincters fecal material 
is frequently extruded regardless of the care exercised in the preoperative 
preparation. To prevent this the anal canal is packed with cotton and 
the gluteal masses strapped together with adhesive tape. In addition the 
knees should be fixed in a fashion to keep the thighs apart. If feces is 
extruded it will be retained in the space between the thighs and not forced 
into the operative field or contaminate the drapes. At the completion of the 
operation in either children or adults the wound is sealed with a coUodion 
dressing. During the postoperative period the patient should be kept on 
the abdomen or on the side. A cradle is placed to support the bed clothing, 
and diapers should not be used. The feedings need not be altered from 
the preoperative routine if the operation has been performed under local 
anesthesia. If there is evidence of increased intracranial tension this may be 
reduced by ventricular or cisternal puncture according to indication. Great 
care must be employed when introducing a needle into the cisterna magna 
since in some cases the medulla may have been drawn into the foramen 
magnum by the traction on the spinal cord and the cisterna magna thereby 
partially obliterated. 

In the instances in which improvement in the function of the anorectal 
and vesicular sphincters is not obtained by the operative procedure herein 
described, excision of the superior hypogastric plexus should be given con- 
sideration. If all methods have failed to control the urinary and fecal in- 
continence and the sphincters are totally relaxed, artificial sphincters may be 
provided by the transplantation of the gtacilis muscle.^^ 

RESULTS 

During the past ten years 104 cases of congenital maldevelopment of^ the 
spinal cord and its coverings have been treated. In 31 of these the lesions 
were located in the lumbosacral region and implicated the distal part of the 
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spinal cord. Seventeen of these 31 patients were considered to have defects 
that would lend themselves to surgical treatment. There were five adults 
and 12 children that were subjected to operation. The oldest was age 67, 
and the youngest an infant of ten days. Good results were obtained in 
eight patients by freeing the spinal cord, as herein advocated; improvement 
was observed in three; one patient died of meningitis following operation, 
four showed no permanent changes attributable to the operation; and the 
remaining one could not be followed. One of the four patients, an adult 
considered as a failure, showed some improvement for six months after 
operation only to have a return of the preoperative difficulties in controlling 
the urine and feces. Two of the three listed as improved continue to have 
nocturnal enuresis although capable of controlling the urine during the day. 

Among the eight patients in whom the results were considered satisfac- 
tory there were five who acquired complete voluntary control of the urine 
and feces after operation. Two of the remaining three resort to moderate 
straining to initiate urinary flow. The other one, a boy age four, who was 
operated upon two 3'ears ago, likewise, has some difficulty in initiating urina- 
tion but has shown favorable progress during the past )'^ear. The improve- 
ment in the function of the legs and feet has not been as dramatic as the 
changes brought about in the control of the anorectal and vesicular sphincters. 
The same may be said for the analgesia and anesthesia of the saddle-area. 
There have been demonstrable changes for the better but no instance of 
complete recovery of these involved regions. It is impossible to predict 
with certainty at operation what the postoperative result will be, however, 
it may be said that the more distal the involvement of the spinal cord the 
better the chances for restoration of sphincteric control. 

CONCLUSIONS 

In a consideration of the dysfunctions attending the congenital malforma- 
tion of the distal end of the spinal cord, three important factors have been 
discussed; First, the disturbances produced by fibrolipomatous masses en- 
cased in the vertebral canal and exerting pressure on the adjacent neural 
structures ; second, the lack of development of the spinal cord itself ; and, 
third, the failure of normal upward migration of the spinal cord due to 
adherence of the terminal part of the cord at the site of the congenital anomaly, 
with a resultant abnormal tension on the cord as the normal growth of the 
vertebral column continues. It is comprehensible how the first and second 
of these etiologic factors may affect voluntary control of the anorectal 
and vesicular sphincters and the function of the legs and feet. There are 
some features concerning the third factor that are not clearly understood, 
however, in some patients of the present series the surgical liberation of the 
adherent spinal cord has resulted in improvement. The operation has been 
described and the major steps in its technical execution illustrated. Following 
detachment of the spinal cord and the reconstruction of the dural envelope 
the resultant improvement can perhaps logically be attributed to the release 
of a taut cord. 
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Discussion. — Dr. Ira Cohen (New York) expressed some surprise that out of 
a total of 104 cases of congenital anomalies less than one-half were in the lumbosacral 
region. He would have supposed that more than half would be in this location. The 
more common type of spina bifida is that seen in the infant, with the sac so thin that 
one is almost afraid that a breath will rupture it. In such a case the fear of a rupture 
and the development of meningitis stares the surgeon in the face, on the one hand, 
and, on the other hand, there is his deep desire to postpone operation, if it should be 
operated upon at all. This type of case presents no diagnostic problem but does offer 
one as to when to operate, if to operate, and exactly what type of operation should 
be undertaken. At times, the surgeon is forced to operate to save life. When there 
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seems to be a complete paraplegia, with a rectal sphincter which is obviously not under 
any control (it is a little more difficult to tell about the urethral sphincter), it is fair 
then to let the parents share the responsibility in deciding whether an operation should 
be performed. As to the character of the operation. Doctor Browder may be correct 
in his statement that excision of the sac in no way influences the future development 
of hydrocephalus. Dorothy Russell has reported ten consecutive cases of meningomyocele 
that came to operation, and in all there was found, at that early stage, a medulla which 
was crowded down into the foramen magnum and there was beginning hydrocephalus. 
The question must also arise as to (i) whether in addition to the hydrocephalus there 
is not already present at that time a deformity at the upper end of the spinal canal not 
necessarily due to traction, and that no matter what may be done at the lower end 
the patient will go on and develop hydrocephalus ; or (2) should one take the stand, 
as Doctor Penfield does, that the sac is parth’- an absorbing membrane, and that in 
the sacrifice of this sac, rather than enfolding it, the spinal fluid circulation becomes 
so thrown out of adjustment that hydrocephalus will surely develop. 

The other group — the spina bifida occultai — presents not so much a problem in 
therapj'^ as in diagnosis. In I9I<S, the late Dr. Walter M. Brickner wrote a veiw 
interesting paper on the subject, presenting ten cases, five of whom had been operated 
upon by him. The presenting symptom in many of the cases being trophic ulceration of 
the extremities. Doctor Brickner brought out the point that trophic disturbances of the 
extremities, which are not readily e.xplained otherwise, should lead one to think of 
at least the possibility of a spina bifida occulta. 

Dr. Bronson S. Ray (New York) said that what maj’’ prove, in rare cases, to 
be the most important factor of all, is edema of the lower end of the cord at some 
fixed point. It is to be hoped, upon theoretic grounds, if not on the basis of experience, 
that in some individuals the release of this attachment alone might serve a very good 
purpose. As to the question of sacrificing or preserving the sac in a meningomyelocele, 
Doctor Ray’s experience has been very much that of Doctor Browder. 

Dr. Jefferson Browder (closing) said that with regard to the relative frequency 
of anomalies in the lumbosacral region, he had excluded instances of meningomyelocele 
that occurred in the lumbar area without implication of the sacral region. The im- 
portant feature of the operation for congenital anomalies implicating the distal part of 
the spinal cord is the release of the cord. To be sure, this is purely a theoretic con- 
cept, but Doctor Browder thought that restoration of function might be attributed to 
this particular operative maneuver. 
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It is generally believed that simple hemangiomata are essentially con- 
genital in nature. They probably have their origin, according to Watson 
and McCarthy, 1 in embryonic sequestrations of mesodermal tissue and grow 
by projecting buds of endothelial tissue. 

Hemangiomata vary greatly in structure and the various types demand 
greatly varying types of treatment. A rigid classification is almost impossible 
hut they may be divided into groups which overlap to a certain extent. 
Watson and McCarthy classify them as follows: (i) Capillaiy hemangioma; 
(2) cavernous hemangioma; (3) angioblastic or hypertrophic hemangioma; 
(4) racemose hemangioma; (5) diffuse systemic hemangioma; (6) metastas- 
izing hemangioma; (7) nevus venosus or port wine stain; and (8) hereditary 
hemorrhagic telangiectasis. 



A « 

piQ. Case i: A. Before treatment. B. .^fter treatment. 

The capillary and cavernous hemangioma and the port wine stains are 
by far the most frequent types. The material presented m this communica^- 
tion will deal with the first two types exclusively, or more correct } ^ 
capillary hemangiomata and those hemangiomata which exhibit characteristics 
of both types. The essential difference in these two types is in the 
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of the blood spaces. Most of the deeply placed hemangioma are cavernous 
in type. Most of those involving the skin are essentially capillary but may 
be partially cavernous in type. Capillary hemangiomata are more truly 
neoplastic in character, they grow moi'e rapidly and may more correctly 
be called hemangio-endothelioma. It is to be expected, therefore, that they 
be more sensitive to radiation therapy. This type of therapy when applied 
to the more cavernous types is essentially sclerosing in nature. 

It has been pointed out by Brown and Byars,- Watson and McCarthy, 
and Ward and Covington^ that congenital capillary or cavernous hemangioma 



A B 

Fig. 2. — Case 2; A. Before treatment. B. After treatment. 

occur frequently on the head and neck and frequently involve areas where 
the cosmetic result of treatment is extremely important. It has also been 
pointed out by the above mentioned writers, and others, that these tumors 
may be satisfactorily treated by a number of methods with equally good 
results as far as curing the lesion is concerned. These methods include 
surgical excision, destruction by cauterization or desiccation, the use of carbon 
dioxide snow, the injection of sclerosing solutions, and treatment by some 
form of radiation. However, the results obtained by these methods may 
vary greatly from the cosmetic standpoint. 

In those regions where excision of tissue would necessitate extensive 
and difficult plastic repair or where extensive scarring due to various forms 
of destruction would cause deformity, radiation therapy has been extensively 
used. This may be accomplished by the use of roentgenotherapy, the surface 
application of radium or radon, or the interstitial application of needles con- 
taining radium or radon seeds. Brown and Byars have emphasized the 
excellent results to be obtained from the use of radon seeds and also the 
convenience and lack of danger of the method. 
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ihe material presented berein-is confined to this type of treatment alone. 
A series of cases is presented showing the results obtained by this method. 

The technic advised by Brown and B)rars has been followed as far as 
possible, using one radon seed for roughly each cubic centimeter of tissue 
irradiated, and the content of each seed varjdng from 0.25 to i.o millicurie. 
The amount of radon per seed depends on the size and location of the tumor. 
The 0.25 and 0.5 millicurie seeds are used most frequently. The 1.0 milli- 
curie seeds are used almost exclusively in those larger tumors that are more 
cavernous in type. 

Care has been taken to use small dosages. This has resulted in the 
necessity of making more than one application in several cases, but has 
avoided sloughing in any case, and in on!}' one instance has there been a 
slight skin burn with resulting scarring. 



CASE REPOKTS 

Case I. — W. G. A., white, male, age 
eight months, was admitted to Vanderbilt 
University Hospital, October 9, 1938. Pa- 
tient had hemangioma of left lower eyelid 
since birth, with moderately rapid growth. 
On October 21, 1938, three radon seeds 
containing 0.25 millicurie each were im- 
planted into the tumor. Results two years 
and three months later are shown. 

Case 2. — R. N. C., white, female, age 
12 years. Admitted, Alay 14, 1940, with 
large cavernous hemangioma of lip with 
capillary type hemangioma in the skin. On 
Hay 14. 1940, 15 radon seeds of 0.5 milli- 
curie each were implanted. This did not 
cause total regression of the tumor. On 
July 15, 1940, ten radon seeds containing 
1.0 millicurie each were implanted. 

Photographs show patient at the age 
of 12, when first seen, and two j’ears after 
second implantation. 

Case 3. — M. L. H., white, female, age 
ten, was admitted, August 10, 1939, with 
tumor of left lower eyelid, slowing grow- 
ing for several years. History of pres- 
ence of tumor at birth could not be ob- 


Fig. 3.— Case 3: Aftei tre.itment. tained. It was believed that the tumor 

followed trauma. On August 15, I939. six 
radin seeds of 0.25 millicurie each were implanted. 

Picture before implantation is not available but the lesion was comparable in size 
to that of patient in Case i. 

Pictures show results over one j'ear later. 

Case 4. — R. L. S., colored, male, was first seen December 21, 1938, with large 
capillary and cavernous hemangioma of cheek, present since birth. Due to delay m 
hospitalization and other illness, treatment was delayed for nearly a year. 
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Flo. 4 — Case 4; A. Reforc treatment. R. Aftei treatment 

On October 28, 1930, ten radon seeds of 0.5 millicurie were implanted. Complete 
radiation of the lesion w'as not attempted or expected at this time. 

On December 4, 1939, 15 seeds of 0.5 millicurie each were implanted, on De- 
cember 19, 1939, ten seeds of 1.5 millicurie w'ere implanted. 

Photographs show the condition before treatment, and 18 months after the first 
treatment. 

Case 5. — R. E. B., white, male, age 15 months. First seen June 7, 1941. 
Hemangioma of lip first noticed at age of three w^eeks. It had grown rapidly. On 
July 28, 1941. five seeds of 05 millicurie each w'ere implanted. This obliterated the 
capillary part of the tumor hut failed to obliterate the more cavernous part of the 
tumor deeper in the lip. On November 6, 1941, four seeds of 0.5 millicurie each w'eie 
implanted deep in the tumor. These w’cre implanted through the mucous membrane to 
prevent scarring. 
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Img. 6 . — Case 6; A. Before treatment. B. One year after treatment. 

Pictures show condition before treatment, and two months following first treatment. 
Not enough time has elapsed to note the final results of treatment. 

The next two case reports are rather unusual in that they do not occur 
in the region of the face but on the vulva. It was thought that excision of 
the hemangiomata and plastic repair would be difficult and unsatisfactory, 
and the same type of treatment was carried out as in those occurring on 
the face. 

Case 6. — G. M., colored, female, age two years. Hemangioma of vulva present 
since birth, which gradually enlarged. On October i6, 1940, ten radon seeds of 0.5 
inillicurie each were implanted. 

Photographs show condition before treatment and result one year after implantation. 

Case 7.— J. K. B-, white, female, age three months. Hemangioma of vulva, present 
at birth, began to grow rapidly during last month. 

On August 27, 1040, 15 radon seeds of i.o millicurie each were implanted. Tliis 



Pjc 7 —Case 7: A. Before treatment. B. After treatment. 
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dose was too large for this type of hemangioma. Wc were probably influenced by 
the rapidity of growth. 

The patient suffered from swelling and desquamation of the vulva and has much 
more scarring than is necessary. There was no vulvar abscess. 

Photographs show lesion before operation and approximately 15 months after 
operation. 


SUMMARY 

A brief discussion is presented as to the classification of hemangioma. The 
treatment of congenital hemangioma of the skin is briefly discussed, and cases 
treated Ity the implantation of radon seeds are reported. 
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THE SURGICAL TREATMENT 
OP INTRINSIC KNEE JOINT LESIONS 

FURTHER ANALYSIS OF OPERATIVE CASES 

John J. Moorhead, M.D.. and David Lyall, M.D. 

New York, N. Y. 

FROM TUI! DEPARTMENT OF TRAUMATIC SURGERY. NEW YORK POST-GRADUATE MEDICAL SCHOOL 
AND HOSPITAL, COLUMDIA UNIVERSITY, NEW YORK, N. Y. 

iiiE PKESENT DISCUSSION of this important subject is based upon ex- 
perience accumulated through 3'ears of more or less constant contact with 
the problem. In previous communications a total of 186 operative cases 
were reported.^- The experience from Januar)'^, 1932 to July, 1941, 
consisting of 189 arthrotomies, forms the basis of this communication, making 
a total of 375 cases cared for with basicall)'^ the same operative criteria and 
technic as outlined by the senior author (J. J. M.), in 1932. Slight modi- 
fications have been adopted as needed but the general schema has been pre- 
served intact. We believe that emphasis is to be placed on proper diag- 
nosis and the understanding of definite indications for operation rather 
than on the actual operative technic. The surgeon must decide which 
cases are surgical and which require medical care alone. Of those which 
come into his field, he must decide which are to be operated upon and which 
are to be treated conservatively. Not only the presence of abnormalities 
but their degree of severity must be estimated in making an operative de- 
cision. A knee operated upon is never again a wdiolly normal joint, and 
hence the candid surgeon refuses to replace minor pathology by man-made 
defects causing equal or greater disability. 

I’ATHOLOGIC .4NATOMY 

It must always be remembered, especially by the occasional operator, that 
the presence of multiple abnormalities is the rule rather than the exception. 

Semilunar Cartilages . — The semilunar cartilages are not stationar3^ They 
move forward when the knee joint is extended and backward when it is 
flexed. A moment’s reflection shows why this is necessary. The phenomenon 
is easily demonstrated on the fresh cadaver or at the operating table. The 
internal cartilage is approximately semicircular. It is the larger of the 
two and is firmly attached at its medial margin to the medial (tibial) col- 
lateral ligament. The external cartilage is smaller, nearly circular in out- 
line and its attachment to the lateral (fibular) collateral ligament is nar- 
rower and less substantial. This is also easily demonstrable and accounts, 
in part at least, for the great preponderance of internal meniscus de- 
rangements. The cartilages are subject to various abnormal conditions : 

1. Fracture-dislocation — the most frequent injury. 

2. Dislocation without fracture. 
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3. Fracture without dislocation. 

4. Erosions — irregularities of the cartilage surface usually encountered 
in the later stages of knee joint osteo-arthritis. 

5. Cysts : These are of obscure origin. They usually contain a grey- 
yellow viscid fluid. Some are thought to be due to injury followed 

mucoid degeneration, others possibly to synovial developmental in- 
clusions.^ Because of their rarity they are of minor importance. 

6. Developmental anomalies : These include the “discoid” cartilage which 
is said to be a persistence of the embryonic disk-shaped form. We 
have had no experience with this condition. 

Synovial Membrane. — The synovium of the knee joint is the largest in 
the body. Because it must accommodate itself to a great variety and range of 
motions, it is normally loosely folded on itself. Of the entire joint structure 
it alone contains sensory nerve endings and hence subjective pain is expressed 
in terms of synovial irritation. All internal derangements are accompanied 
by a vaiying degree of synovial hyperemia and extravasation of fluid. If the 
irritating body is not removed this membrane becomes permanently thickened 
and irregular. Calcium deposits appear, and, becoming detached, give rise 
to multiple, small loose bodies. The late result of a chronic traumatic synovial 
irritation is the so-called hypertrophic or villous synovitis. Synovial ad- 
hesive bands often appear following irritation or hemorrhage. The siib- 
patellar faf-pads partake of this general synovial swelling. Frequently they 
enlarge to such a degree as to intrude themselves between the joint surfaces 
when the knee is extended. At operation, the tips show a characteristic 
reddened “pinched” appearance and they also may eventually become cal- 
cified and detached, giving origin to a loose body. 

The joint .^urjaccs of the knee undergo progressive changes, which may 
be thought of as due to wear and tear. This degeneration is hastened by 
overweight, by overuse, or by the continued presence of loose bodies or 
other joint irritants. In general, the changes are indistinguishable froni an 
hypertrophic osteo-arthritis, characterized by irregular bony overgrowth and 
marginal osteophyte formation. Osteochondritis dissecans is an obscure con- 
dition in which a fragment or fragments of cartilage and underlying bone are 
detached from a joint surface. In the knee the source is usually the mesial 
articular margin of the internal femoral condyle. The detached fragments 
then become loose bodies and their continued presence cause the usual sec- 
ondary changes. It is said that the medial condyle of the femur can be 
injured by the medial meniscus when sudden backward pressure is brought 
on the hyperextended knee.^ This is a separate entity and probably should 
not be confused with osteochondritis dissecans. 

Calculi of indeterminate origin are frequently found. They are different 
from the joint mice of osteochondritis dissecans because they are smooth and 
convex on both sides while the latter usually have a rough, concave side 
corresponding to a defect on the femur. Locking may be tbe first symptom 
of their presence. 
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Diagnosis. By far the most important single aid in achieving the proper 
undei standing of any particular case is the history. This should include a 
minute and exact catechism on the mode of injury and subsequent course. 
One should convince oneself as to the adequacy of the alleged trauma. It 
is also important to accurately understand descriptive terms as applied by 
the layman. For example the term “locking” is often used to describe 
difficult extension of the knee due to pain, whereas, actually, it should mean 
an insurmountable wedging of the joint. This is a very important distinction. 

Mode of injury is often difficult to determine and may be buried in the 
dim past. In our series of cases, the average interval between the first 
connectable injury and operation is somewhat less than 27 months. The 
earliest case was operated upon one week after trauma, while the longest 
elapsed time was 50 years. Ferguson and Thompson,*’ reporting 100 cases, 
state that the average time from injury to operation was two and one-quarter 
years, which nearly exactly corresponds to the time-interval in the present 
series. The most common type of violence is a “twisting” or “wrenching,” 
with the affected knee in a partially flexed position (42 per cent of our cases). 
Direct violence to the knee without twisting or wrenching was mentioned in 
16 per cent of our cases, and an equal number gave a history of a “fall,” 
without definite recollection as to the inode of injury. Fifteen per cent 
gave no history of trauma whatsoever and, of these, spontaneous locking 
was the presenting symptom in two cases. A small group (seven per cent) 
gave a history of locking of the joint on arising after prolonged kneeling, 
stooping or sitting. Another small group consisted of cases of severe injury 
about the knee (2 fractured femora, i fracture of patella, i dislocation of 
knee) in which the cartilage injury became apparent only after the major 
damage had been repaired. One case had been injured by a bullet, and 
another by a retained foreign body. 

Tabi.h I 
■Moni; or inji'uy 

Twisting or wrenching violence 

Direct violence, without knowledge of fall or twisting . . 

Fall, without definite knowledge ot mode ot injury. 

No history of trauma 

Locking of knee following prolonged stooping or kneeling . . 

Internal derangement masked by major fracture or dislocation 
Foreign body and bullet wound (one case each) 

Total 

Following the original injury a varying amount of swelling, pain, and 
stiffness supervenes. It usually regresses in two or more weeks, and the 
patient may have only minor difficulty for a long time, characterized by a 
vague feeling that the knee “is weak” or that it “doesn’t feel right.” The 
history often becomes one of repeated minor mishaps followed by pain, limi- 
tation of motion, or knee joint effusion. Locking may appear early or late. 
It is a capricious but important S)unptom. Frequently the patient complains 
of “clicking” or “grating” sensations, especially on forceful extension of the 
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joint, as on climbing stairs or arising from a chair. Weakness and “giving 
way” of the knee become esjiecially frequent on going downstairs. The 
location and character of pain is carefully noted. Occasionally a loose body 
in the joint will be felt by the patient and demonstrated at different points 
in its peregrinations around the knee. Loss or gain in weight is always of 
importance in evaluating the capabilities of a knee joint. Finally, it is of 
utmost importance to inquire into the bleeding tendencies of a prospective 
operative patient and, if necessary, to determine the bleeding and clotting time. 

Physical Examination . — Adequate exposure is insisted upon. One ob- 
serves particularly the gait and the presence or absence of muscle atrophy, 
especially of the quadriceps group. A markedly atrophic thigh makes a 
poor operative risk, and insures a slow, unsatisfactory postoperative course. 
Comparative measurements of girth at certain levels can be made and re- 
corded for future reference. Limitation of active and passive motions is 
determined — always bearing in mind the role of pain and voluntary muscle 
spasm. 

When swelling is present, one should determine whether it is due to 
fluid or to synovial thickening, or both. The rim of the tibial plateau is 
explored carefully with the knee in both flexion and extension. In this 
wa}^ telltale tenderness or small irregularities are discovered. 

Crepitation is often best observed with the palm of the hand on the patella 
while the joint is opened and closed. Variations can be estimated audibly 
by means of the stethoscope, and, with the practice attained by making such 
an examination a routine, information of value is obtained. 

Roentgenologic e.vamination is a routine in all operative cases and in those 
in which there is a history of trauma. As in a great many other locations, 
the positive film is of considerable value but an entirely negative film is of 
somewhat lesser importance. Operative decisions, in general, are made from 
clinical criteria. The knee is taken in three views — (i) anteroposterior; 
(2) lateral; and (3) postero-anterior. The technic and posturing are shown 
in the accompanying diagrams (Figs, i, 2 and 3). A fourth view is very 
occasionally used (Fig. 4). Obviously, the marked degree of flexion neces- 
sary will be impossible to obtain in most cases. It silhouettes the femoral 
articular surfaces and the under surface of the patella. In the three routine 
views note that the central ray beam is always parallel to, and just above 
the tibial plateau. 


O ENKRA L CON.Sl DER ATI ON.S 

This series of 189 knee joint arthrotomies was performed upon 170 
patients. Fifteen patients were operated upon twice, and one patient no less 
than five times (for rapidly recurring pain and disability due to osteo-arthritic 
spurs and hyptertrophic synovitis, with calcification and multiple foreign 
body formation). There were 137 males and 33 females. The average age 
was 33.7 years (males, 32.8; females, 37.3 years). The oldest was 67 
and the youngest 13. One hundred forty-seven arthrotomies were performed 
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upon males : 42 upon females. In the males the great hulk of patients were 
between the ages of 20 and 35 and, on the whole, were an active, healthy 
well-developed group consisting chiefly of workmen and exathletes. One 
hundred three (70 per cent) of the males had frank cartilage derangement. 
Ten (seven per cent), presented severe meniscus erosion, necessitating re- 
moval. Eight (five per cent) showed typical osteochondritis dissecans, with 
loose body formation, and six (four per cent) contained loosed bodies (calculi) 
of doubtful origin. The remaining group of 15 (14 per cent) consisted 
mostly of hypertrophic osed-arthritis, with a sprinkling of rarer conditions. 
A sun’^ey of the females operated upon showed that less than one-half pre- 
sented cartilage injuries. These appeared mostly in younger women and 
girls injured in sports. As the average age of the females was higher than 
that of the males, one would expect a larger percentage of hypertrophic osteo- 
arthritis. Such was the case. 

The differential diagnosis of surgical lesions of the knee joint is best 
made if the above factors are kept in mind while making the routine 
examination. 

Derangement of the Cartilages. — This is the most common erroneous diag- 
nosis. A typical history of injury with locking followed by joint effusion 
and joint tenderness directly over the internal meniscus is not always ob- 
tained. In our experience, definite locking was present in about one-half 
of the cases of proven cartilage derangement. It is not a necessary symptom. 
The exact figure is hard to arrive at. So-called “bucket-handle” fracture 
(detached except at either end) was the most consistent cause of locking 
(75 per cent of the time). Other proven cases of cartilage derangement, 
plus loose bodies in the form of calculi and the remnants of osteochondritis 
dissecans, caused locking in only one-half the cases. It is interesting to note 
four cases of locking in which no loose bodies of any kind were found. 
These may have been occasioned by temporary abnormal mobility of the 
cartilages. 

In acute cases rocntgenocirains usually show only capsular distension, 
with a floating patella. Narrowing of the joint space on the side of the 
deranged cartilage, as seen in the anteroposterior exposure has not been a 
common finding in our experience. Sprain of the internal collateral liga- 
ment of the knee is to he differentiated by location of maximum pain and 
tenderness about one inch above the cartilage level over the medial condyle 
of the femur. The external meniscus derangement (only four cases in this 
series) is diagnosed with difficulty. Tenderness over this cartilage is 
usually misleading. 

Knee joint calculi and loose bodies associated with osteochondritis dis- 
secans often appear without alleged trauma (although some knee injury 
usually can be recalled by anyone, if sufficiently interrogated). The migrating 
offender may he felt in the quadriceps pouch or may appear and disappear 
at various locations on the periphery of the joint. Roentgenograms visualize 
these types of loose bodies if they contain sufficient calcium or if not ob- 
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scitred by superimi^osition of dense bony shadows. In the case of osteo- 
chondritis dissecans careful roentgenologic study, in various oblique views, 
may reveal an irregularity of bony contour in the region of the lateral aspect 
of the medial condyle of the femur. 

Hypertrophic synovitis and hypertrophy of the subpatellar fat-pads 
are to be expected as sequelae to long-standing intrinsic knee pathology, par- 
ticularly those conditions causing repeated traumatic synovitis with blood}' 
or serous extravasation. Enlarged fat-pads may interpose between the femur 
and tibia when the knee is brought to extension. In such a case, continued 
extension meets relative, not absolute resistance, and is painful but not 
impossible. This is not true locking. 

Hypertrophic osteo-arthritis is evidence of wear and tear on the knee joint. 
Typical joint changes, with spur formation, occur, due to untreated joint 
calculi after many years’ trouble and are monarticular. Both knees are in- 
volved as part of a generalized osteo-arthritis, which manifests itself in one 
or both joints due to increase in weight, postural defects, or other situations 
which result in abnormal or overuse. An advanced degree of arthritis may 
be present for years and never manifest itself until one of these precipitants 
occurs. These joints develop considerable limitations of motion, with or 
without severe pain. At times, crepitations due to destruction of cartilaginous 
bearing surfaces becomes so loud as to be heard across the room. 

TKE.VTMENT 

Nonoperative . — This is often the lesser of two evils, and is carried out 
by the conscientious surgeon in the face of many importunings to be more 
radical. Emergency arthrotomy is never employed except in the presence 
of irreducible locking. Points to be emphasized in a conservative thera- 
peutic regimen are: 

1. Weight reduction undertaken slowly and carefully, with proper atten- 
tion to vitamin intake and avoidance of debility. 

2. Posture . — This includes special instruction in proper walking and 
particularly to correct pronated, weak feet. The patient should attempt to 
toe-in, and bear the weight on the outside of the foot. A lift (one-quarter- 
inch) on the inside of heel and sole often helps to readjust the weight-bearing 
axis. Foot exercises for muscular strengthening are of value. 

3. Exercises. — It must be remembered that of all of the muscles of the 
body the quadriceps femoris atrophies the quickest. Hence, the emphasis 
is on early, active repetitive motions to maintain this important muscle. 
No knee is stable or safe from future debacles if activated by a weak or 
flabby quadriceps. “No knee is stronger than its quadriceps.” 

4. Aspiration. — This is carried out with careful attention to sterility. 
In fresh injuries a sanguineous or serosanguineous fluid is aspirated, whereas 
later the fluid is found to be straw-colored and more viscid. Following 
aspiration the joint is firmly bound with a three-inch bandage of the ACE- 

146 



voimnc 117 INTRINSIC KNEE JOINT LESIONS 

Number 1 

type. Remarkalile relief of pain sometimes occurs when a tense capsule 
is decompressed. 

5. Plivsiotlicrapy. — Baking and massage are of considerable aid in re- 
lieving the su’ollen, painful joint. The indescriminate use of short-wave 
diathermy, and allied modalities, is to be condemned. These impressive 
machines tend to take the place of thought on the part of the surgeon and 
effort on the part of the patient. Certainly, it is unwise to attribute to 
them any specific virtue. 

Operative Intervention. — This is chosen only after a reasonable amount 
of conservative treatment has been unavailing. Operation is undertaken for 
persistent or recurring disability due to internal derangements and for re- 
current locking. In these cases one must not wait too long before operating 
because irreversible changes take place. Such secondary developments as 
hypertrophic synovitis, osteo-arthritis, or enlarged subpatellar fat-pads are 
only partially remediable. One occasionally operates with the specific idea of 
prophylaxis but. of course, only when the diagnosis is definite. 

Unfortunately, many patients refuse surgical intervention, preferring 
to temporize with minor, but ever increasing disability. They are to be 
seen painfully limping, often with flexion contractures and in the end stages 
of joint destruction. But even here, if the musculature is capable of pre- 
operative activation and with complete cooperation on the patient’s part, one 
can hold out, tentatively, some relief from an operative “cleaning out.” Like- 
wise, selected cases of recalcitrant hypertrophic osteo-arthritis, unassociated 
with trauma, can he operated upon, hut, again, the potential rehabilitation 
must be envisaged. The cpiestion of excision of the patella will be briefly 
taken up below. 

Preoperative Preparation. — The patient is admitted the afternoon of the 
day before operation. The entire thigh, leg and foot is shaved, washed 
thoroughly with green soap followed by alcohol and then ether. It is 
carefully wrapped in sterile dressings which are kept wet with a solution 
consisting of four cubic centimeters of tincture of iodine to 500 cc. of saline. 
Bleeding and clotting times are determined where indicated — this could 
probably be made a routine, with profit. A light cathartic is administered 
in the eai'ly evening and followed, if necessary, by a low saline enema the 
next morning. 

Choice of Anesthesia. — Morphine and scopolamine are administered one 
hour preoperatively as a routine. The usual case is handled readily by a 
low spinal anesthesia, since about one hour is the elapsed time from the 
application of the tourniquet until its removal. Avertin-gas-oxygen-ether 
sequences or cylopropane are frequently employed when the patient is of an 
apprehensive type. 

Operative Technic. — This has been described at length elsewhere.^’- An 
Esmarch bandage is wound tightly while the leg is elevated, to render it 
bloodless, and the tourniquet applied to the upper thigh, making sure that 
the femoral vessels are well padded. The tourniquet should not be used 
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in the presence of ach^anced arteriosclerosis or peripheral vascular disease. 
None of our cases were denied its use. The patient lies supine on the table. 
Draping of the extremit}^ is carried out so that complete mobility is possible 
without restriction. Rigid Lane-technic is adhered to throughout. This 
includes additional precautions in the preparation of the operative field, a 
general “hands off' policy, and the sterilization of each instrument after 
each operative step. Suture material is handled only with instruments. 
No vessels are ligated. 

Type of Incision . — Many ingenious approaches to the knee joint have 
been devised. All have certain disadvantages. The split-patella approach 
gives excellent exposure but seems unnecessarily mutilating. Besides, it 
requires a postoperative plaster of paris casing. Moder® make a U-shaped 
central skin incision and turns the skin flap upwards. The patella tendon 
is split vertically and the patella dissected out. This also would give excellent 
exposure but we believe routine excision of the patella to be unnecessary. 
The incision used by Haggart and Tourney® involves the turning of a medial 
skin flap. Following this, the joint is exposed via two vertical incisions — 
before and behind the internal lateral ligament. It permits removal of the 
entire medial meniscus but wide exploration would not appear to be possible. 
We continue to employ the mediolateral incision because it permits wide 
exploration and early, active mobilization. We believe that in the rare, 
early case a short (three-to-four-inch) incision can be made, always with 
readiness to enlarge it. In all recurrent or late cases the incision is made 
long enough, usually five to seven inches, to permit dislocation laterally of 
the patella. This permits wide exploration, visualizing both menisci, the 
character and contents of the quadriceps pouch, and the under surface of 
the patella. Surgical attention to enlarged fat-jjads, synovial and bony ex- 
crescences is readily given. As in abdominal surgery, one operates with a 
definite diagnosis in mind but continues the analogy to the knee in main- 
taining that exploration is part of the “celiotomy” of the knee joint. 

ANALYSI.S OF CASES 

Of 189 cases operated upon the internal meniscus was removed in 139 
(74 per cent). In addition, three cases, previously operated upon else- 
where, showed sizeable remnants amounting to perhaps half of the cartilage. 
These were removed with relief of symptoms. Of the 139 cases subjected 
to removal of the internal cartilage, 12 1 showed evidence of fracture or dis- 
location, or both. About one-third of these (36 per cent) showed the “bucket- 
handle” deformity. Seventeen cartilages were removed because of marked 
“erosions” — irregularities associated with other changes in the joint. One 
cartilage was removed because of cyst formation. 

The external cartilage was removed a total of eight times — four times for 
frank injury, and four times for “erosions.” 

Hypertrophy of the subpatellar fat-pads was of sufficient degree to require 
removal of 64 cases. Partial synovectomy was carried out in 61 cases. Loose 
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bodies of all types were removed in 26 cases, varying in size from the tiny 
“rice-bodies” to almond-sized or larger calculi. Bony spurs and irregu- 
larities were removed in 21 cases. In seven cases bony defects corresponding 
to the location of an osteochondritis dissecans were found and smoothed off. 
To those who advocate the buttonhole exposure of the knee joint the following 
is of interest: Of the 121 cases of frank cartilage injury, other abnormalities 
(of the synovium, fat-pads or bony structures) of sufficient degree to warrant 
surgical attention were found in 77 (64 per cent). Most of these defects 
would not have been seen, let alone remedied via the small incision. The sole 
objection to the long incision is the length of the scar. However, in our 
experience, healing occurs with rapidit}'- and safety. 

In three cases of far advanced hypertrophic osteo-arthritis the patella 
was removed. In two of these the patella had become fixed to the femoral 
cond3’'les causing marked limitation of motion. The other case presented 
extreme destruction of articular cartilage. Motion was painful, slow, and 
accompanied b}" a hair-raising “screak” audible across the room. At opera- 
tion, it was found that deep grooves had been gouged on the femoral surface 
b}'- the offending patella. In another case of far-advanced hypertrophic osteo- 
arthritis, arthrodesis was performed for relief of pain. 

There was one cystic protrusion into the joint, apparently arising from 
the synovium over tlie external lateral ligament. In another case, a similar 
excrescence was found growing from the anterior cruciate ligament near 
the attachment of the medial meniscus. One arthrotomy was performed 
to remove a darning needle which had worked its way into the joint. 

Postoperative Treatment . — A large “muff”-dressing, consisting of several 
layers of sterile absorbent cotton, is firmly applied from midthigh to mid- 
calf before the tourniquet is released. Snugness is obtained by bandaging 
over the cotton with several layers of five-inch muslin. The patient is put 
to bed with the extremity elevated on one or two pillows. The following 
day a cradle is installed to suppoi't the bed clothes and to facilitate exercises. 
For warmth a 60-watt bulb is kept under the clothes, although this may not 
be necessary in summer time. 

At the earliest possible moment exercises are begun — usually from 36 to 
72 hours postoperative. The first maneuver is for the patient to reeducate 
the quadriceps by “shrugging” the patella. It may take a day or two for 
some patients to regain the ability to contract the quadriceps while others 
begin immediately. Often, in face of pleas of pain, a forceful demeanor is 
necessary to secure cooperation on the part of the patient. The next step 
requires him to lift the extended leg off the bed. This can usually be done 
m three to seven, occasionally more, clays. The patient is allowed in a 
wheel chair -on the 4th or 5th day. Sutures are removed on the 7th to loth 
days, and the patient encouraged to walk. He pushes a chair ahead of him 
at first and, when able, graduates to a cane. Crutches are not used. 

Systematic, repetitive exercises, designed to use the quadriceps muscle and 
bend the knee, are performed daily, until atrophy is no longer present. Swim- 
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niing IS an excellent exercise of this t)q)e, particularly the so-called “crawl" 
kick. After the leg can be raised with ease the opposite or “good” leg is 
laid across it and its weight added to that of its mate. Later, forceful re- 
sistance can be applied. For office workers and people at home, placing a 
waste basket over the foot, with or without weights, increases the effort neces- 
sary for extension. 

Postoperative aspiration, routinely proposed by some,^ we use exceed- 
ingly rarely. Physiotherapy is employed in the form of baking and massage 
daily or three times a week until adequate motions are restored. The whirl- 
pool bath is of great help in selected cases. However, it must be emphasized 
that nothing takes the place of conscientious muscular effort on the part of 
the patient. The office worker returns to work in four to six weeks. The 
laborer may require six to eight weeks, and in some of the more perilous 
callings even more. 

Postoperative Complications . — There was one case of gross joint infection, 
eventually necessitating a midthigh amputation. During an acute post- 
operative mania this patient tore off his dressing and had to be transferred 
to a psychiatric hospital. A second case was discharged with apparent prim- 
ary union. One month postoperatively. redness and heat in the wound led 
to abscess formation, necessitating drainage. The joint space was not in- 
volved nor was the final result compromised in any way. No other infec- 
tions occurred. Hemorrhage: In one case, wound healing was delayed by 
hemorrhage with clot formation. The wound was reopened down to the 
synovium, cleaned and resutured. Excellent healing was obtained. There 
were no deaths, nor were there any severe pulmonary complications in 
this series. 

Results. — Uniforml}' good results are anticipated in cases of cartilage de- 
rangement, loose body formation or other nondegenerative situations where 
the patient is young or in early middle age and secondary changes of an ir- 
reversible nature have not yet supervened. The importance of pre- and 
postoperative quadriceps activation is to be emphasized. 

In the series operated upon for relief of pain and disability due to ad- 
vanced osteo-arthritic changes, with or without hypertrophic or calcific syno- 
vial changes, only about one-half achieve permanent improvement of sub- 
stantial degree. The rest generally show improvement for six to twelve 
months, ^vhen progressive changes again evidence themselves. Patients will 
sometimes beg to be operated upon again, as in the one case in which revision 
was undertaken four times on the left and once on the right side in a period 
of four years. Each time symptoms returned after about six months relief. 
In this regard the subject of excision of the jratella comes up. The status 
of this procedure has not yet been established and, certainly, our three cases 
are not enough to allow any conclusions to be drawn. We note, however, 
that the deformity due to change in contour is almost unnoticeable. It has 
been said that one of the functions of the patella— since it lies mostly beneath 
the patellar tendon — is to keep tlie pressure of the tendon from impinging 
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on the synovial membrane overlying the anterior femur. It is reasoned 
that a slightly inflamed synovium will cause painful motion if the suspensory 
action of the patella is removed. We have had no definite indication that 
this is the case. Of the three cases, one obtained an excellent painless knee. 
In one, motion and function were restored, but after six months pain and 
disability recurred. The third case obtained freedom from pain and greatly 
increased motion but shows marked weakness in extension, due apparently 
to separation of some of the central fibers of the patellar tendon. 

SUAIiVIARY 

1. One hundred eighty-nine knee joint arthrotomies are added to previous 
reports, making a total of 375 cases. 

2. Nonoperative methods and criteria for operations are discussed. 

3. Operative routine used includes: (a) Meticulous preparation; (b) use 
of tourniquet; (c) careful Lane-technic ; (d) use of mediolateral curved 
incision of length adequate for exploration; and (e) tight “muff”-dressing. 

4. Postoperative routine emphasizes early active motions. 

5. Complications consisted of: (a) Two infections — one following an 
acute mania, during which the patient tore off his dressing; the other oc- 
curring one month postoperative, after apparent uneventful healing; and 
(b) hemorrhage in one case, necessitating resuture of the wound, without 
impairing the final result. 

6. End-results, and their anticipation, are discussed. 

7. Removal of the patella in cases of advanced osteo-arthritic changes 
is briefly considered. 
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A LIGHT, COMPACT UNIT FOR THE INTRAVENOUS OR INTRA 
OSSEOUS INJECTION OF PLASMA IN EMERGENCIES 

Alison H. Price, M.D., and Leandro M. Tocantins, M.D. 

Philadelphia, Pa. 


FROM THE DEPARTMENT OF MEDICINE, JEFFERSON MEDICAL COLLEGE, PHILADELPHIA, PA, 

ITie prI'SENt forms of apparatus for administer ing plasma are heavy, 
expensive, bulky to transport, complicated to set up, require a standard or 
upright, and the overall time of administration is long. Figure i compares 
the weight and size of the units now in use with our compact container. 



Fig. I. — Comparison of the weight and size of described unit 
(i) with two other units now available ( 2 ) and (3), all containing 
approximately the same amount of dried plasma. 


Under conditions of warfare, with the ever present menace of casualties 
among combatants and the civilian population, there is need for a small, 
compact, lightweight, durable, refillable unit by which plasma can be ad- 
ministered rapidly under adverse and ideal conditions. 

Previously described units’’ - are not designed for the emergency admin- 
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istiation of plasma to those patients whose circulatory depression is so 
marked that it is difficult or impossible to introduce anything into their 
circulation by the venous route. It is at this time that fluids are most urgently 
needed and the intra-osseous route should be used.^ With the simplified 
apparatus here presented, for injecting plasma rapidly into the acutely dis- 
abled patient, it is possible to administer i6 to 20 grams of plasma (dry 
weight) intravenously or intra-osseousl)^ within five minutes after beginning 
operation. The average time is four minutes. 



Fig. 2 . — Arrangement of tin- 
unit: A. Distilled water bottle. 
B. Plasma bottle. C. Retaining 
flange. D. Rubber pressure 
bulb. 



Fig. 3. — Dual-purpose needle with 
the stylet removed. 


The unit (Fig. 2) filled and packed for transit weighs 680 Gm. (i )4 
pounds) . The complete apparatus measures 22.5 cm. (8% inches) long x 6 cm. 
(2% 6 inches) in diameter, and can be packed in a metal can under vacuum. 
The diameter of the container is comparable with the average water glass 
and is easily held in the hand. The dual-purpose needle and the syringe 
are mounted in the upper cover. In use, no part of the apparatus need be 
laid aside ; it can be operated without any accessory equipment or aid. The 
entire amount of fluid ma}'' be given Avithout danger of administering air, 
as the lower end of the bottle is tapered and the transparent C3dinder makes 
the plasma level visible during the entire administration. 

The unit (Fig. 2) is composed of two 120 cc. pyrex glass bottles, with 
openings at both ends. Mobile Bottle A, containing 100 cc. of sterile pyro- 
gen-free water with o.i per cent sodium chloride, rides in key-way when 
top cover is removed. The flange (C) in the upper cover holds the winged- 
arms of the upper bottle and prevents rotation and motion during transit 
or handling. Fixed Bottle B contains 16.5 grams of desiccated human plasma 
representing 250 cc. of original liquid pooled plasma. This dried plasma 
IS packed under vacuum of 73.6 cm. (29 inches) Hg. The bottles are mounted 
in a metal, fiber, or transparent plastic case which holds them securely. The 
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Fig. 5. Fig. 7. 

Figs. 4-7. — Steps in the tcclinic of administration of plasma intravenously. {Rcmainimj steps 

illustrated on page opposite.) 


clearance between the pyrex bottles and the plastic covering is of an 
inch ; this prevents damage to the contained bottles if dropped or jarred. 
All four openings are covered with hood-type neoprene or rubber stoppers. 
A double-pointed needle of gauge No. i8 is suspended between the two 
bottles so that the downward movement of the water bottle A results in punc- 
ture of the central stoppers of the water bottle and the plasma bottle. When 
ready to restore the plasma to the licpiid state the rubber bulb D (with cotton 
filter) is pushed home, the metal clip catching over the flange of the water 
bottle. The vacuum in the plasma bottle causes the distilled water to flow from 
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bottle A into bottle B. If, for any reason, all the distilled water fails to 
go into the lower bottle, it can be forced in by compressing rubber bulb D. 
The entire unit is then shaken until the plasma is completely in solution. 

The dual-purpose No. 1 6-gauge needle (Fig. 3) is made of stainless metal 
and has the 3 mm. bevel parallel to the winged-arms, thus, facilitating in- 
travenous insertion. The winged-arms and the tapered stylet-head allow 
better purchase, aid in the intra-osseous insertion, and facilitate the removal 



of the stylet when the hands of the operator are wet, oily, or bloody. The 
needle does not clamp on the glass lip extending from bottle B but rides in 
the rubber stopper allowing some free play, thus, preventing breakage of the 
glass tip that would occur from motion of the operator’s hand transmitted 
to the rigid needle fixed in the bone. 

' PROCEDURE FOR INTRAVENOUS ADMINISTRATION OF PLASMA 

( 1 ) The large end section of the container is removed and the winged-arms 
of the protruding bottle are turned clockwise, pushed into the cylinder, then 
rotated counter clockwise to lock bottle A in place (Fig. 4). 

(2) The container is held upright. The rubber bulb D is now pushed 
home, the metal clip catching over the flange of the upper bottle (Fig. 5). 
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(3) When all the water has entered bottle B, the container is then 
agitated for one minute (no less) in order to restore the plasma to a fluid 
state (Fig. 6 ). 

(4) Remove sterile needle from the top container; insert the needle 
into vein and then remove the stylet (Fig. 7). 

(5) Remove lower cover of container. The rubber stopper of bottle 
B is nou^ punctured b}^ that portion of the needle extending proximal to 
the winged arms (Fig. 8). 

(6) With the patient lying down, the arm is elevated distally so the 
container is as near upright as possible, and then by intermittent compression 
of bulb D the plasma is forced into the vein (Fig. 9). 

(7) When the fluid level reaches the red line on the lower bottle, stop 
compression of the bulb and remove the needle (Fig. 10). 

PROCEDURE FOR INTRA-OSSEOUS ADMINISTRATION OF PL,ASi\U 

The first three steps are the same as described above. ‘ ' 

(4) Remove sterile needle with stylet in place from the container and 
insert it into the bone (Fig. iia). 

TECHNIC FOR INTRODUCING NEEDLE IN THE MARROW 

The site of choice for the injection in patients over five years of age is 
the manubrium, one centimeter above the angle of Louis, or the body of 
the sternum, at the third interspace, in the midline. .After preliminary local 
anesthesia with procaine (when possible or necessary), the needle, with its 
stylet, is inserted vertically with the bevel towards the head of the patient. 
The periosteum is penetrated gently with a semicircular burrowing motion 
until a firm hold is obtained. The needle is then tilted, its tip pointed toward 
the neck of the patient and with the same burrowing motion, the anterior plate 
of the sternum is penetrated. The needle should not be “jabbed in” or pushed 
in with force. When the marrow cavity is penetrated, diminution in the 
resistance to the progress of the needle is felt, amounting sometimes to a 
trapdoor effect. In the hands of the inexperienced, there is less danger 
of injury if the needle is inserted in the upper end of the tibia, than in the 
sternum. 

(5) Once the needle is properly fixed in the bone the stylet is re- 
moved (Fig. lib). 

(6) The small syringe is then attached and a few drops of bone marrow 
aspirated, to make sure that the needle is properly placed in the marrow 
cavity. The syringe is then removed (Fig. iic). 

(7) The rubber stopper of the lower end of bottle B is punctured by 
than portion of the needle extending proximal to the winged arms (Fig. 12). 

(8) By intermittent compression of bulb D, the pressure in the closed 
system is increased and the plasma is forced through the needle into the 
mat row and, ultimately into the circulation of the recipient (Fig. 13a). 

(9) When the fluid level reaches the red mark on the lower bottle, the 
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unit is removed (Fig. 13b). The needle is then withdrawn with the same 
type of semicircular twisting motion used in driving it in. 

This plasma injection unit has been tried 20 times in 20 patients, with 
satisfactory results. 


Fig. 12. 



The simplicit}’- of the mechanism, light weight, small size, rapid utiliza- 
tion, and choice of two routes of administration, suggest that these units 
may be used with advantage by mobile groups or isolated personnel, thus, 
making possible the benefits of plasma to individuals at critical times under 
adverse conditions.* 

Ihe same unit may be used for the emergenej^ injection of human albumin; 
the containers holding- 200 cc. of 25 per cent albumin solution. It has also been 
utilized with five grams of the sodium salt of one of the sulfa drugs in the fixed bottle 
B and 100 cc. of pyrogen-free water in mobile bottle A. When mixed, this results in 
a five per cent solution of the drug, read3^ for administration. 
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_ The used hollies niay be taken apart, sterilized, refilled, and placed back 
in active service. 1'his salvage will reduce the overall cost of a primarilv 
inexpensive method. 
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BOOK REVIEW 

Blood SuissTiTUTiis and Blood Tr\nsfusion.s. Edited by Stuart Mudd, ATD., and 
William Thalheimer, ATD. Charles C. Thomas. Springfield and Baltimore. 1942. 

A no more timely and authoritative publication bas appeared in surgical literature 
during this world catastrophe than the monograph on Blood Substitutes and Blood 
Transfusions by Aludd and Thalheimer. It is a symposium composed of the papers 
read before the American Human Serum Association at their meeting in 1941. 

As the result of the discussion of some seventy contributors at this meeting, an early 
agreement was reached that the basic etiologic cause of secondary shock was a fall 
in the circulatory fluid volume of the blood. 

Most of the program was largely devoted to such questions as procurement, preser- 
vation, administration and the relative efficiency of the various blood substitutes that 
have been used and recommended, both clinically and experimentally, including human 
hemoglobin and both human and bovine serum. 

Such a group can speak authoritatively on these subjects, and tbe logical way in 
which the problem has been arranged results in an invaluable presentation which no 
active surgeon or hospital library can afford to omit from their shelves. 

It is a remarkable contribution and both the writers and the publishers are to be 
congratulated. 

Walter Estell Lee. ATD. 
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Ihe above mentioned special tip employs the element of weight, which 
is carried by gravity to the outlet of the stomach. This weight also acts 
to prevent the tip of the tube from coiling back toward the fundus, as often 
happens with the conventional tube. The weighted tip was made by in- 
corporating lead shots into about five inches of the tip of a Levin tube. 
This, in turn, was connected by a short metal tube of proper caliber to the 
cut end of a Miller- Abbott or Wilson-Sawyer tube. Fenestra are incorporated 
proximal to the weights, but distal to the balloon, so that liquid and gas are 
removed from the intestine in advance of the tube (Fig. i). 

The technic of passing the tube is essentially that worked out by the 
originators of the Miller-Abhott tube. It cannot be emphasized too strongly 
that the successful employment of the Miller-Abbotl tube necessitates con- 
stant and careful supervision by one willing to give individual attention to it. 
Personal experience in this respect parallels that described in other excellent 
articles.^ 
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THE SURGICAL TREATMENT OF TOPHACEOUS GOUT* 
Robert R. Linton, M.D., and John H. Talbott, M.D. 

Bo.stox, Mass. 

FROM THE SURGIC.^1. .AND .MEDIC.AL SERVICES OF THE MASS.ACHUSETTS GENERAL HOSPITAL, BOSTON, MASS. 

Gout is a chronic metabolic disorder associated with an increased con- 
centration of uric acid in the blood. Early in its course it is characterized 
with few clinical manifestations except acute attacks of arthritis. As the 
disease progresses osseous and subcutaneous urate deposits appear and lead 
to physical defonnit}’ and persistence of low-grade symptoms. Patients with 
advanced changes may be seriously handicapped and suffer needlessly, due 
to the gradual increase in the size of the deposits. Since medicinal measures 
have been ineff'ective in treating these disabling tophP recourse has been 
made to surgical treatment, with the expectation that considerable benefit 
would be obtained. The progressive course of the disease in no way has 
been affected but a lasting local benefit has been achieved that could not be 
produced by an}’- other measures. 

The surgical treatment of tophaceous gout in ii patients constitutes the 
basis of this report. The operations were carried out at the Massachusetts 
General Hospital by the senior author (R. R. L.), or directly under his 
supervision. This was possible because of the medical study in a large 
group of gouty patients by the junior author (J. H. T.). In the group of 
patients treated surgically, there were ten males and one female. The ages 
ranged from 20 to 80 years. There were two in the third decade of life, 
one in the fifth, three in the sixth, two in the seventh, two in the eighth, and 
one in the ninth. Eight, or 73 per cent, were over 50 years of age. Seven 
patients had had gout for 20 years or more, two for 10 to 20 years, and 
two for seven years. 

Historical Reviezu . — Gout is a disease of great antiquity. Undoubtedly 
it is as ancient as civilization. Quoting from Garrod^ (1858) : “Gout . . . 
was probably one of the earliest diseases to which flesh became heir when 
man began to participate in the luxuries of civilized life : it is a disease, 
also, which can lay claim to having had among its victims some of the most 
renowned of the human race from their position, opulence, and intellect.” 
The aphorisms of Hippocrates,” who lived about 350 BC., indicate that he 
was well acquainted with the manifestations of gout. Writers on the 

* The publicatioh of the colored reproductions was made possible bj' the contribu- 
tion of Mr. Arthur E. Lotbrop of Brookline, Mass. 
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subject have been very prolific since that time. Most dissertations, however, 
have been clinical descriptions, and neither the etiology of the malady nor 
the pathogenesis of symptoms have been discovered as }'et. The most 
important contribution regarding the treatment of acute gouty arthritis was 
described first b}’^ Alexander, of Tralles, quoting Garrod,^ in the sixth century. 
On empiric grounds he recommended the use of hemodactyl, the plant from 
which colchicum is derived. Among the many interesting volumes on the 
treatment of gout is one written by Missaurus,'* in 1735 : “Demonstrating 
that the Gout is one of the greatest blessings which can befall Mortal Man : 
That all Gentlemen who weary of it, are their own Enemies ; and that those 
Practitioners who offer it the cure, are the vainest and most mischievous 
Cheats in Nature.” 

In contradistinction to the voluminous writings on the medical aspects, 
little has been written on the surgical treatment. In 1641, Pare" opened 
painful areas about tophaceous joints with the cautery and rubbed them with 
hemodactyl, gentian, mercury, or alum, Hippocrates- resorted to actual 
burning of the painful areas. He says in his “Treatise of Diseases,” speaking 
of gout: “The Disease is indeed long and grievous, but not mortal; but if 
the Pain remains in the toes, burn them above the joints with Crude Flax,” 
This method, according to Hutchinson,^ was revived in the seventeenth 
century by Hermon Busschof, a Minister at Batavia, in the services of the 
Dutch East India Company, The method described by Busschof consisted 
in placing a small piece of Indian moss over the painful tophus and then 
setting fire to it. This treatment apparently afforded relief, since Busschof, 
a victim of the malady, admitted extraordinar}^ alleviation of pain. Another 
patient. Sir William Temple, reported: “That when the Pain in his Great 
Toe was ver}^ violent, and he, in five Days, had not been able to stir his 
foot, but as it was lifted, he was suddenly relieved by the Moxa (burning 
of it), and walked half a dozen turns about the Room without pain or Trouble 
to the Surprise of those that were about him, as well as his own.” 

Hutchinson,^ in 1880, was the first to report the surgical removal of two 
toes on account of suppuration of tophaceous deposits. Riedel,® in 1904, 
stated that the removal of urate deposits could be accomplished if the gouty 
arthritis were localized to the metatarsophalangeal joint of the great toe. 
He performed two operations, one on a man, age 45, and the other on a 
woman, age 70. A preoperative diagnosis of sifppurative arthritis was made 
in each instance, and not until he discovered urate crystals in the bursae and 
the synovial membranes at the time of operation did he appreciate that the 
patients were suffering from an acute attack of gout. In each case he simply 
opened the joint space and removed as much of the urate crystals as possible, 
then left the wound open to heal by secondary intention. The incisions 
healed in a few weeks, following which one patient was free of attacks for 
14 years and the other for eight years, or until her death. 

Lindsay,^ in 1913, found that healing occurred naturally, provided the 
incision was made over the more healthy skin towards the base of the 
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Fig. 2. — Tophaceous deposits involving the index and fourth fingers of the right hand. Tlic 
patient, a male, age 69, had symptoms of gout for 15 years (The same patient as in Fig. 9). The 
roentgenogram shows moderate involvement of the bones. Only the tophus on the fourth finger vas 
lemoved, at the patient’s request, but since he obtained such a satisfactory result on this one he is 
planning to have the one on the index finger removed. The operation was performed under novo- 
cain block anesthesia at the base of the finger. The tophus was removed through a transverse inci- 
sion. It invoh'ed the e.xtensor tendon but it was possible to preserve a portion of it so it was only 
necessary to splint the finger until the wound healed. The interphalangeal joint capsule and the 
cartilages were involved. The patient was pleased with the cosmetic result, volunteering the informa- 
tion that he no longer tried to hide his hand while in public. The photographs show the hand before 
operation and four months later. 
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tophaceous swelling. Thomson, quoted by Lie welly n,'’ in 1920, reported 
two cases in which gouty deposits contiguous to tendon sheaths, bursae and 
skin were removed. The deposits in one man, age 30, had involved the 
extensor tendons over the fingers, and in the other, a man, age 37, large 
tophi were located about the left external malleolus, the left olecranon and 
the right malleolus. All were subcutaneous except the one about the left 
malleolus, where bone, ligaments, and peronei tendons were involved. The 
patients did well following the operations and no further gross tophaceous 
deposits developed. 

A suiwey was made of the records at the Massachusetts General Hospital 
from 1835 to 1935, in order to determine how many patients with gout had 
been operated upon for the treatment of tophaceous deposits. Only seven 
cases could be found. The operative procedure consisted of evacuating the 
tophi in three patients, while amputations were carried out on four. The 
earliest operation was performed in 1878, by Dr. J. C. Warren. It seems 
difficult to understand why surgery was not performed more frequently in 
the treatment of deformed tophaceous joints and tophaceous deposits. Per- 
haps it was because an acute attack of gouty arthritis, with its classical 
insignia of “tumor, rubor, color, et dolor’ was so frequently mistaken for an 
acute infection, and it still is by those not acquainted with the vagaries of gout. 
Furthermore, it was not realized that considerable relief of symptoms and 
rehabilitation of the patient could be obtained by surgery. 

Diagnosis . — The diagnosis of gout in the tophaceous stage of the disease 
is not difficult. A history of acute attacks of arthritis with complete relief 
from symptoms between attacks is usual!}'- obtained. If subcutaneous de- 
posits of urate crystals have developed, roentgenograms of the extremities 
usually will show evidence of bony involvejnent. The characteristic roent- 
genologic appearance of a gouty joint includes “punched-out” areas, soft 
tissue swelling, diminution of joint space, and sometimes extensive destruc- 
tion of the joint Avith ankylosis (Figs, i, 6, 8 and 9). The concentration 
of uric acid in the blood serum (in contrast to whole blood) is above 
6.0 mg. per 100 cc. The serum uric acid is increased between attacks as 
well as during attacks, and should always be determined in a suspected 
case of gout. If a sinus has formed in a’ subcutaneous tophus, the chalky 
exudate will reveal urate crystals on microscopic examination. A final 
confirmatory diagnostic procedure is the favorable response to full doses 
of colchicine if given during an acute attack. 

The differential diagnosis between an acute attack of gouty arthritis 
and joint sepsis Avarrants especial consideration. Undoubtedly, many acute 
gouty joints have been operated upon because the surgeon considered the 
condition one of sepsis. This is not surprising, since there may be general 
as Avell as local manifestations of a severe infection in acute gout. These 
include fever, a leukocytosis of 15,000 to 20,000, and prostration. The 
absence of an ascending lymphangitis from the acutely inflamed gouty joint 
is a helpful differentiating sign. Fulminating sepsis invoh’-ing a tophaceous 
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Fig. 3. — A large tophaceous deposit with a small draining sinus involving the dorsum of the 
hand. The patient, a male, age 80, had symptoms of gout for seven years. The operation was per- 
formed under ether anesthesia. The extensor tendons of the second, third and fourth fingers had 
to be excised with the tophus because they had been so infiltrated with urate crjstals that they were 
unrecognizable. Despite this, a good functioning hand was obtained by splinting the fingers in 
extension for eight weeks, then commencing gentle massage and active motion. The drawing shous 
the incision. A portion of the skin sloughed because of the extensive dissection. This necessitated 
a secondary skin graft. The photographs show the hand before operation and two and one-half 
years later, -with no evidence of recurrence. 

Fig. 4. — A large tophaceous deposit involving the proximal interphalangeal joint of the fifth 
finger of tlie'right hand and the extensor tendon of It. The patient, a male, age 59, had symptoms 
of gout for 36 years. The tophus was removed through a transverse incision under novocain block 
anesthesia at the base of the finger. There was destruction of the proximal end of the middle 
phalanx and the distal end of the proximal phalanx, with some shortening of the digit which is a 
little more marked in the postoperative view. The photographs show the hand before operation and 
one year later, with no evidence of recurrence. 
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joint is an extreniel)^ rare condition, so that immediate surgery in acute 
gout rarely ever is indicated. Tophaceous deposits about a joint not in- 
frequently rupture through the skin and discharge urate crystals. This may 
leave an ulcerating lesion (Figs. 3, 5, 6, 7, 8 and 9). Cultures taken from 
these lesions, in our experience, have shown only the usual bacterial flora 
found on the normal skin, and in no instances has it been necessary to incise 
and drain such a lesion. The differentiation between acute gout and sepsis, 
therefore, should not rest on the local signs and systemic findings but upon 
a careful evaluation of all of the medical data. An accurate history, with 
particular reference to previous attacks of joint symptoms, is of utmost im- 
portance. An examination of the patient for evidence of tophi elsewhere 
on the body may give the true diagnosis. Roentgenologic examination of the 
affected part, and estimations of the blood serum uric acid level in doubtful 
cases are important diagnostic aids. 

Indications for Surgery . — The surgical treatment of gout is applicable 
only to patients who have developed large tophaceous deposits. Less than 
ten per cent of all gouty patients studied by the junior author have needed 
surgical treatment. In the group of patients reported, surgery was limited 
to the removal of urate deposits which involved the bony and soft structures 
about the elbows, forearms, wrists, hands, and feet. Elsewhere in the body, 
especially about the knee joints where very lai-ge tophi appear, removal was 
not found necessary, but if the occasion should arise they could be similarly 
treated. The indications for surgical treatment are believed to be: (i) Cos- 
metic reasons when tophi have become large and unsightly, such as in the 
subcutaneous tissues of the fingers, the dorsum of the hand, forearm, or 
wrist (Figs, i, 2, 3, 4 and 5). In this category may b.e included smaller 
tophi on the hands and feet which interfere with the wearing of gloves and 
shoes. (2) Pain in tophi because of their location over exposed areas of 
the body, such as those involving the olecranon bursae, knuckles, terminal 
ends of the fingers, toes and heels (Figs. 2, 4, 6, 8, 9 and 16). (3) Inter- 

ference with the movements of tendons or adjacent joints by tophi that 
involve the extensor or flexor tendons of the hand (Figs. 5 and ii). (4) Any 
discharging sinus associated Avith a tophaceous deposit (Figs. 3, 5, 6, 7, 8, 
9 and 16). (5) Extensive phalangeal involvement of the fingers or toes Avith 
urate deposits (Figs, i and 9). 

Surgical Pathology . — The tophaceous deposits AA'hich Avere remoA^ed during 
this study may be divided into three anatomic types : ( i ) bursae and sub- 
cutaneous deposits Avhich have involved only the tissues superficial to the 
deep fascia; (2) deposits Avhich arise in tendons and Avhich may or may 
not have involved adjacent tissues, such as fat, fascia, bursae, and skin; 

(3) deposits Avhich arise in joints Avith inAmEement of the bones, 
tendons, bursae, subcutaneous tissues, and skin. 

All of the tophi inA’^olving the soft tissues had a definite fibrous capsule, 
AA’hich AA'as thin and transparent but tough (Figs. ii. 12. 15 and 16). It 
is thought to be formed from connectiA'e tissue and is, therefore, not a 
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Fic. S. — A large tophaceous deposit, with draining sinuses on the dorsum of the right hand. The 
patient, a male, age 65, had symptoms of gout for 20 years (The same patient as in Fig. 8). The 
roentgenogram shows ankylosis of the proximal interphalangeal joint, with little bone destruction. 
The operation was performed under ether anesthesia. The extensor tendon was so infiltrated with 
urate crystals that it was necessary to remove it from the base of the metacarpal bone to the base 
of the terminal phalanx. Despite this, excellent function was restored by splinting the finger in 
extension for eight weeks, then commencing gentle massage and active motion. This was one of 
the earliest cases operated upon using a longitudinal incision as shown in the drawing, which resulted 
in marked sloughing of the skin flaps necessitating a secondary skin graft. Multiple transverse 
incisions W'ould have obviated this complication. The photographs show the hand before operation 
and two years later, with no evidence of recurrence. 
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true capsule. The formation of it is considered to take place with the 
deposition of urate crystals, in the tissues. As the tophus gradually in- 
creases in size it replaces the subcutaneous fat and forces aside the fibrous 
connective tissue, thus forming a capsule. Some of the fibrous tissue may 
be infiltrated with urate crystals instead of being forced aside since on 
the cross-section of a tophus a stroma of interlacing fibers may be seen divid- 
ing it into numerous lobules (Fig. 12). The Idbulated appearance is evident 
on the surface of all cleanl}^ dissected tophi in which the capsule is . intact 
(Figs. II, 12, 15 and 16). The urate crystals rarely infiltrate through the 
subcutaneous tissues. When this occurred it was thought to have followed 
rupture of the capsule due to trauma or an acute attack of gout, when the 
contents of the tophus may be partially fluid and under considerable tension. 
When bones or tendons were involved a capsule was not encountered unless 
the urate crystals had pushed out into the soft tissues surrounding these 
structures. It is of interest to note that the urate crystals did not invade 
blood vessels or nerves, although they often surrounded them. Tendons, 
on the other hand, were very frequently infiltrated with urate crystals and 
in some instances so complete was the replacement with urate crystals that 
no tendinous structure could be recognized. 

Tophaceous deposits of long standing were found to be very dry and 
chalk-like on .cross-section (Fig. 12). If there had been a recent attack of 
acute gout, the urate crystals were suspended in a fluid which gave the 
appearance of pus. It is believed that the pain in a tophaceous deposit as- 
sociated with an -acute attack of gout may result from the tension produced 
by the rapid deposition of urate crystals in a semifluid state within the rela- 
tively nonyielding fibrous capsule of the tophus. Evidence in favor of this 
theory is the fact that when a tophus was decompressed by partial excision 
of the capsule and evacuation of the contents the patient was relieved of 
pain even though the urate crystals were not completely removed. The 
relief of pain following the spontaneous rupture of a tophus adds support 
to this theory. 

Analysis of Operations . — The operations were carried out over a seven- 
year period, 1935 to 1941, inclusive. Forty-six operative procedures were 
undertaken on ii patients. Several tophaceous deposits were removed at 
one operation in many instances. The number of operations per patient 
varied from one to ten. Six patients had five or more, three had one, 
one had three, and another two. The operations were divided equally be- 
tween the hands and feet. There were 41 operations on the feet and toes, 
40 on the hands and nine on the forearms and elbows. Local anesthesia, 
with one per cent novocain solution, was employed in 24, ether in nine, 
spinal anesthesia in 12, and no anesthesia in one. 

An analysis of the lesions shows that there were 31 subcutaneous tophi, 
36 involving tendons and adjacent structures, and 26 which arose from joints 
with bone and soft tissue invasion. Further analysis of the statistics shows 
that in the subcutaneous group there were eight on the fingers, most fre- 
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Fig. 6. — Tophaceous deposits involving the first metatarsophalangeal joints of both feet and the 
left heel. The patient, a male, age S 5 , symptoms of gout for 26 years (The same patient as in 
Figs. 10 and 16). The operation was performed under spinal anesthesia. Note the draining sinuses 
in the tophus of the heel. Roentgenograms of the feet show some destruction of the pro.simal phal- 
anges and the first metatarsal bones, but most of the articular surfaces were intact, so that the great 
toes were not amputated. The drawing shows the incisions employed. The photographs show the 
lesions before surgery and the left foot two years and the right foot and left heel one year later, 
with no evidence of recurrence. 

Fig. 7. — Tophaceous deposits on the lateral side of the feet. On the right foot the shin was 
intact but on the left there was a large ulceration with urate crystals visible in the center. The 
patient, a male, age 70, bad symptoms of gout for 30 3’ears. The tophi involved the peronei tendons 
at their insertions into the tarsus. The operations were performed under spinal anesthesia. The 
deposits were excised with the overlying skin (sec drawing). The tendinous structures were pre- 
served by curettage of the urate crystals. Thiersch skin grafts were applied to the denuded areas, 
resulting in well healed wounds. The patient thereafter was able to wear his regular type of shoe 
without discomfort. The photographs show the feet before operation and two years later, with no 
evidence of recurrence. 

170 



roiuM UT SURGERY OF TOPHACEOUS GOUT 

Number 2 

quently on the flexor surface, three on the forearms, four involving the 
olecranon bursae, seven on the toes, eight on the heels, and one on the lateral 
side of the foot. There were 13 extensor tendons of the fingers and thumbs 
operated upon, 12 extensors of the toes, four extensors on the dorsum 
of the hands, two flexors of the fingers, one flexor in the palm of the hand, 
two triceps tendons, one tibialis anticus tendon, and two involving the peronei 
tendons at their insertion on the tarsus. The cases with joint, bone and 
soft tissue involvement included 12 fingers, some with metacarpal involve- 
ment, 14 toes, six of which had involvement of the metatarsophalangeal 
joints, five being of the great toe, the typical location for gout to manifest 
itself. It is of interest to note that of the 93 tophaceous deposits operated 
upon only approximately five per cent occurred at this latter site. 

Operative T'cchnic . — The successful operative results are attributed to 
meticulous surgical technic and the adherence to certain rules that evolved 
during the stud3^ The incidence of arteriosclerosis among gout}’- patients 
both young and old is an important factor to be considered. Great care must 
be taken to maintain an adequate blood supply, particularly in the lower 
extremities. Incisions should be made so that when closed they will not be 
subjected to unnecessary tension lest sloughing of the skin occurs. Arterial 
tourniquets were employed on the finger operations, using a rubber band 
at the base, but they are contraindicated for operations carried out on the feet 
because they may damage an arteriosclerotic artery sufficiently to produce 
arterial thrombosis, with resulting gangrene of the foot. The carrying out 
of surgery by the most atraumatic method possible cannot be overemphasized. 

A tophaceous deposit may be removed by one of two methods. Com- 
plete excision of the tophus with its surrounding capsule is preferable. This 
procedure was followed for all of the large tophi in the soft tissues, such as 
the olecranon bursa (Fig. 16), subcutaneous tissues of the forearm, hand, 
and foot where tendons were not involved. Curettage with a small bone 
curette was the second method. This procedure was used for the removal 
of the small subcutaneous tophi after making an incision through the overlying 
skin. If the tophaceous deposit involved the bones or tendinous structures, 
such as the triceps tendon or a flexor tendon, the major part of the tophus 
was excised and the remainder was removed by curettage in order not to 
destroy important structures (Figs, ii, 15 and 16). 

The surgical procedures on the hands were, of necessity, more conserva- 
tive than those on the feet. It is important to preserve the fingers in 
spite of extensive urate infiltration (Fig. i). One badly involved finger 
was amputated early in the stud)% but as more cases were encountered it 
was found unnecessary to sacrifice these digits despite extensive urate de- 
posits in the tendons and phalanges, since removal of the tophi resulted 
in relief of pain, improved cosmetic appearance and partial rehabilitation. 
The periosteum and bony shell of a phalanx was preserved insofar as was 
possible. The situation in many cases appeared hopeless when judged roent- 
genologically (Fig. i). but a significant quantit}' of bony shell and periosteum 
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Fig. 8. — Extensive tophaceous deposits of all toes with marked involvement of the nietalai- 
sophalangeal joints of the great toes, the terminal phalanges of the other toes, and one in the tibialis 
anticus tendon of the left foot (marked by an arrow). The patient, a male, age 65, had symptoms 
of gout for 20 years (The same patient as in Fig. s). The right great toe had been amputated 
several years previously at another hospital, but the wound had never healed because the removal 
of the disease was not sufficiently radical. The draining sinus is seen in the preoperative photograph. 
The operations were performed under ether anesthesia. The head of the right first metatarsal, the 
left great toe and the head of the first metatarsal, and the left fifth toe and the head of the fifth 
mctjitarsal were amputated through racquet-type incisions. The remaining toes were amputated 
thiougii the base of the proximal phalanges using lateral skin flaps. This patient and one other 
wete the only ones upon whom such, radical surgery was carried out. Both patients obtained excel- 
lent results, as they were able to walk withoiut pain. They used the specially constructed type of 
shoe shown in Figure 13, which permitted them to walk with a normal gait. The photographs show 
the feet before operation and two years later, with no evidence of recurrence. 
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would be found at operation. If this could be saved a useful finger was 
obtained despite the fact that the interphalangeal joints were destroyed. 

Removal of the tophaceous deposits involving the toes without ampu- 
tation also is recommended if roentgenologic examination reveals any of the 
joint surfaces of the phalanges or metatarsals to be intact (Figs. ‘6 and 9). 
When there was marked destruction of these bones (Fig. 8) the treatment 
of choice was amputation through the proximal phalanx, using lateral skin 
flaps. If the first or fifth toes were amputated the head of the metatarsal 
was removed with it, using a racquet-type pf incision (Fig. 8). The end- 
results justified these procedures;, since the patients were able to walk in 
comfort and with practicall}'- a normal gait, instead of being limited to 
a wheel-chair existence. All the 'toes were removed in a few patients, and 
despite such radical surgery the rehabilitation of the patient was very grati- 
fying. A specially constructed shoe was developed for these patients which 
had a forked shank of steel incorporated in the layers of the sole (Fig. 13). 
The shank is almost as long as the foot before amputation of the toes. This 
type' of shoe allows a spring to the patient’s gait which otherwise would 
l)e lacking. 

If a tophaceous deposit involved an important tendon, such as a flexor 
tendon of a finger (Fig. 11), the tibialis anticus (Fig 8), or a triceps tendon 
(Fig. 16), it was deemed important. to remove the tophus leaving as much 
as possible of the tendon. When the extensor tendons of the fingers were 
involved, either over the digits themselves or the dorsum of the hand, it 
was impossible to , recognize the tendons in many cases so that the rem- 
nants of them had, to be sacrificed. Despite this, with careful postoperative 
splinting and, rehabilitation,' the majority recovered the use and function 
of fingers and hands. ‘’Tli'e extensor tendons of the second, third, and fourth 
fingers on the dorsum of the hand were removed in one patient. Neverthe- 
less, he obtained a very serviceable hand (Fig. 3). 

Every precaution was taken to prevent trauma to the parchment-thin 
skin which overlies many tophi.' Sharp scalpel dissection was used to dissect 
it from the tophaceous deposit. The skin was retracted by means of sutures 
in the skin edges and as the dissection was carried toward the base of the 
tophus fine rake retractors were used. The incision was closed with vertical 
mattress sutures of silk to prevent infolding of the edges. A plaster splint 
was applied for immobilization whenever a tendon or a joint was involved. 
The first dressings were usually done in ten days to two weeks. The skin 
sutures were removed at that time. 


Fig. 9 . — Tophaceous deposits involving the toes. The patient, a male, age 69 , had symptoms of 
gout for 15 years (The same patient as in Fig. 2). The third toe on the right foot had been ampu- 
tated two years previously by another surgeon because of a painful tophaceous deposit involving it. 
The roentgenograms show marked destruction of the terminal phalanges in the left and right fir.st 
and second toes and the left third and fourth toes. There \\cas also a large tophus involving the 
right metatarsophalangeal joint. The skin was ulcerated over the tophus on the left great toe, which 
had necessitated daily dressings for many months. The urate crystals can be seen in the base of 
the_ ulceration and through the parchment-thin skin over the other tophi. Through transverse in- 
cisions, as demonstrated in the drawing, all these deposits were removed under spinal anesthesia at 
one operation. The wounds healed per prinwn. Amputation of the toes was not considered neces- 
sary because the tophi were chiefly in the distal ends of the digits and the metatarsophalangeal joints 
were relatively uninvolved. The photographs show the feet before operation and four months later. 
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le types of incisions which were used are of extreme importance 
especially on the fingers and toes. The first operation for the removal of a 
tophaceous deposit on a finger was undertaken through lateral incisions 
one on either side of the finger. This gave an adequate exposure and it was 
possible to remove the urate crystals without difficulty. The skin between 
the two incisions sloughed, unfortunately, and the wound healed by secondary 



Pig. 10. — A large tophus of the elbow involving the olecranon 
bursa and the insertion of the triceps tendon. The patient, a 
male, age 55, had symptoms of gout for 26 years (The same 
patient as in Figs. 6 and 16). The operation was perfoimed 
under ether anesthesia. The urate crystals were curetted from 
the tendon in order to preserve the attachment of this important 
structure. The drawing shows the incision. The pliotogiaphs 
show the elbow before operation and one year later, with no evi- 
dence of recurrence. 


intention. Early in the series another large tophaceous deposit, which ex- 
tended from the base of the third metacarpal to the base of the terminal 
phalanx on the dorsum of the hand (Fig. 5), was removed through a long 
incision extending over the entire length of the tophus. It was necessary to 
remove the extensor tendon with the tophaceous deposit because it had 
been practically destroyed by infiltration with urate crystals. Once again, 
the skin edges of the wound sloughed and it was necessary to do a secondary 
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cision was a racquet-type which extended around the base of the toe and un 
along the nmer or outer side of the foot i„ order to expose the metatarsal 
Done (Tig. 8). It was possible to circumvent any ulcerated lesion on the 
side of the joint with this t3'pe of incision and when closure was made there 
was adequate skin to close the wound without tension. The metatarsal was 
divided either at the middle or junction of the middle and distal thirds in 
most instances (Fig. 8). This was necessary usually because of extensive 
involvement of the marrow cavity with urate crystals. The sesamoid bones 
were always removed when this procedure w^as carried out. If the remain- 
ing toes were involved, these were usually amputated through the proximal 
phalanx, leaving only a small portion of the base (Fig. 8). Lateral skin 
flaps were used because the blood supply to these is more adequate than 



A B 

Fig. 12. — A large fopiiaceous deposit excised from the subcutaneous tissues of the heel. The 
patient, a male, age 55, had symptoms of gout 26 years (The same patient as in Figs. 6, 10 and 16). 

A. Note the lobulated appearance of the tophus which is covered with a thin transparent capsule. 

B. The cross-section of the tophus shows the chalk-hke appearance and the stroma of interlacing fibers 
of connective tissue dividing it up into numerous lobules. 

the anterior or posterior flaps. The involvement of the first metatarso- 
phalangeal joint with destruction of the proximal phalanx and the first 
metatarsal bone was less extensive in some of the cases. When there was 
no ulceration of the overlying skin the tophus was exposed through a trans- 
verse incision (Fig. i6). The greater part of it was cut away with a scalpel 
and the remainder removed by curettage. It was possible by this means 
to remove practically all of the tophaceous deposit without sacrificing the 
great toe although it had destroyed the major part of the joint and com- 
pletely surrounded it pushing aside tendons, nerves and blood vessels. The 
results obtained in these cases were very gratifying (Figs. 6 and 9). 

A large jesidual cavity was unavoidable following the removal of a 
tophaceous deposit that had destroyed a joint. This always filled with 
blood (Fig. 15) which either organized eventually to form a fibrous union 
between the bones, or ossified and ankylosed. If the bony destruction was 

176 




Volume 117 
Number 2 


SURGERY OF TOPHACEOUS GOUT 


marked there was considerable shortening of the digit after healing (Figs. 
I and 4). Postoperative drainage was unnecessary and even is considered 
contraindicated in these cases. 

Ulcerating tophaceous lesions were encountered on the lateral side of 
the foot in some patients (Fig. 7). The method of handling this type of 
lesion was different than the others. Since it was impossible to remove the 
tophus without interfering with the blood suppl}'^ of the overl3'ing skin this 
was excised with the tophaceous deposit. The urate crystals in such cases 
had usually invaded the tendinous structures of the foot so that it was 
necessary to complete the removal by curettage. A large raw surface several 
centimeters in diameter remained which would have taken many weeks to 
epithelialize. Healing was hastened by suturing a Thiersch skin graft over 
the raw surface. A very satisfactory “take” followed each instance this was 



Fig. 13 . — An anteroposterior roentgenographic view of tbe specially constructed shoe worn by 
the patients wba had all their toes amputated for extensive tophaceous deposits. Note the forked 
shank of steel which is incorporated in the sole of the shoe. The shank is almost as long as the 
foot before amputation of the toes. This permits a spring to the patients’ gait which otherwise would 
he lacking. 

attempted. The cosmetic result (Fig. 7) was excellent and the patient re- 
ceived complete relief from the troublesome deposits and ulcerated lesions. 

Wound Healing in Gout . — Surgical wounds in gouty patients heal ex- 
ceptionally well. Ninety-three separate incisions were made in 46 operative 
procedures that were carried out on the ii patients. Sepsis developed in 
three wounds only, and in each of them preoperative ulceration was present. 
The tophi had ulcerated through the skin so that operations of necessity had 
to be performed in the presence of infection. The sepsis was only super- 
ficial and followed removal of a tophaceous deposit involving the extensor 
tendons of the fingers. Two of the cases were among the earliest ones 
done in the period in which longitudinal skin incisions were used. It is 
believed that this played a part in the wound breaking down. In the third 
case the largest tophus of the series w'as removed from the dorsum of the 
hand, which involved all of the extensor tendons of the fingers with the 
exception of the thumb and fifth finger. The tophus was open and had 
established a sinus through the skin (Fig. 3). The removal of it neces- 
sitated such an extensive dissection of the skin overlying the tophus that its 
blood supply was impaired. This led to a partial slough which later required 
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a skin graft. In two of the cases with postoperative sepsis there was bony 
involvement, yet no serious consequences resulted. It is worthy of note 
that live other cases were operated upon with open lesions, all of which 
healed per priimuu. The local application of sulfanilamide in the operative 
wounds was not used in this series of operations, but it is felt that its use 
would be an additional safeguard especially in cases with draining sinuses. 
The excellent wound healing in this group of cases suggests that sodium 
hiurate crystals may have a bacteriostatic action since it was impossible to 
remove all of them from the operative wounds except in well encapsulated 
subcutaneous tophi. These good results do not mean that a surgeon can 
operate upon gouty patients as if they were normal healthy individuals 
hut the above statistics show that one is justified in attempting to relieve 
patients with painful tophi without auy great risk of serious infection. The 
only serious case of sepsis developed in the finger of one of the patients 
following an incision and drainage of the tophus by his local doctor, who 
misdiagnosed an attack of acute gout as .“^epsis. Xeithcr the physician nor 
the patient recognized the acute attack and the incised wound was left 
open. This became infected subsequently and an open amputation of the 
finger tlirough the proximal phalanx was required. 

Poslopcroth'e Gouty Attacks . — An interesting complication may confuse 
the postoperative course of a gouty patient. It is not unusual on examining 
the clinical records of ])atients either with recognized or unrecognized gout 
to note that an unexplained fever and leukocytosis (Fig. 14) appeared on 
the second or third postoperative day. If the operation involved joints or 
was adjacent to articular structures, acute joint symptoms were prone to be 
attributed to the operation. If the operation was unrelated to gouty de- 
posits the acute joint symptoms were apt to be overlooked. It is not 
widely appreciated that an acute attack of gout may follow any operative 
procedure in a gouty patient. Articular or nonarticular structures may be 
the site of operation. The attack may a])pear within 24 hours after opera- 
tion or it may follow an interval of as long as a week. The attack may be 
monarticular or ])olyarticular and indistinguishable from an acute attack 
of gouty arthritis not related to an operative procedure. 

In reviewing the records of 100 patients with gout, there were 22 opera- 
tions in which no attemj)t was made to avert the development of postoperative 
gouty arthritis. The operations included a dissection of the neck for 
carcinoma of the esophagus, partial colectomy, radical excision of a myo- 
sarcoma of the thigh, and a Thiersch graft of the skin. The incidence of 
postoperative gout following this series of operations was 86 per cent. In 
an attempt to reduce this percentage, the ingestion of a few colchicine tablets 
immediately following operation was practiced. This proved successful in 
many instances, but eventually was extended to include preoperative as well 
as postoperative ingestion. At present, the routine procedure is to give 
three colchicine tablets (^'120 each) a day for two days before operation 
and a similar quantity for three or more days following operation (Fig. 14). 
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Fig. 15. — Photographs of the operative removal of an extensive tophaceous deposit 
involving the phalanges and tendons of the middle finger of the right hand. The 
patient, a female, age 49, had sjmptoms of gout 32 years (The same patient as 111 
Fig. i). The oper.ation uas performed under notocain block anesthesia at the base of 
the finger. (A) The skin over the tophaceous deposit has been incised, employing a 
transverse incision. It was dissected from the deposit with a scalpel and retracted 
with silk sutures. A rubber tourniquet at the base of the finger, held with the hemo- 
stat, prevented bleeding and peimitted a careful dissection. Note the thin capsule of 
the tophus and its lobulated appearance. (B) The main mass of the tophaceous deposit 
has been partly freed up and pulled aside with the rake retractor. (C) More of the 
tophaceous deposit has been removed exposing the extensor tendon which was infiltrated 
with urate crystals and buried beneath the main mass of the tophus. The portion 
slionn was preserved. The cavity beneath it represents the joint space. A considerable 
portion of tlie adjacent phalanges have been destroyed by the tophaceous deposit, 
leaving a large dead space after lemoval of the urate crystals. (D) The tourniquet 
has been removed. Note the free bleeding which has occurred. The skin was closed 
with intenupted vertical mattress sutures of silk. 
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Fig. i6. — The excision of large tophaceous deposits involving the left heel, the right elbow and 
the right first metatarsophalangeal joint. The patient, a male, age 55, had symptoms of gout for 26 
years (The same patient as in Figs. 6 and 10). A. A lateral vierv of the heel to show the tophaceous 
deposit. A large piece of desquamating epidermis has been peeled downward, showing the large 
subcutaneous tophaceous deposit. Note the lobulated appearance of the mass and the urate crystals 
showing at the base of the ulcerated areas. B. The main mass of the tophus has been resected 
through a transverse incision, e.xcising the ulcerated areas in the sk-in. The base of the wound shows 
normal appearing subcutaneous tissues. This tophaceous deposit did not involve a tendon or bone but 
lay in the subcutaneous tissues of the heel. The wouiid was closed with interrupted silk sutures, 
without drainage. The foot was immobilized in a posterior plaster shell for trvo weeks. The wound 
healed per priiitain. An excellent result was obtained (see Fig. 6 ). C. The skin over the olecranon 
has been opened tlirough a transverse incision. The tophaceous deposit filling the olecranon bursa 
has been dissected from the overlying skin and the_ tissues beneath it and retracted downward with 
forceps. Note the separate deposit involving the triceps tendon in the lower portion of the wound. 
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D. The dissection has been carried down to the tiiccps tendon from which most of the tophus has 
been dissected aw ay w ith tbe scalpel and eurettc. Some urate erj stals ai c to be seen in the tendon 
It was necessary to leave these because they had infiltrated the tendinous stiucture to such a degree 
that complete remov'al of them would have destro>ed the attachment of the triceps tendon. The 
wound was closed with interrupted sutures without drainage. The elbow was immobilized with a 
posterior plaster splint for ten dajs. The wound healed pci piiiiiam An excellent result was ob- 
tained (see Fig. lo). E. The skin directly over the tophaceous deposit of the fiist metatai sophalangeal 
joint has been opened through a transverse incision exposing tbe capsule of the tophus. The skin 
was dissected free with a scalpel, and silk sutures in the edges were introduced foi retraction to 
prevent undue trauma to the parchment thin skin. The lobulations of the tophus can be seen through 
the capsule. F A large section of the deposit has been cut away with a scalpel, which still left a 
large amount of mate cr> stals about the bones and joint. G. The remainder of the tophus invoh'ing 
the base of the pli.ilanx and the head of the metatarsal bone, and an extension of it over the dorsum 
of the joint to the outer side of the toe, was removed with a bone curette The capsule of the joint 
was markedly infiltrated with the urate ci> stals, so that remov'al of it opened the joint space Most 
of the joint cartilage and the articular ends of the bones had been destrojed but sufficient of them 
were intact, so that it was not felt necessaiy to amputate the toe. II. The wound w'as thoroughly 
flushed with normal saline solution and the skin approximated with interrupted vertical mattress 
sutures of fine silk, without diainage. Note the depiession where the tophus had been. This cav'ity 
filled with blood clot, vv’bich bec.ame organized, resulting in a normal contour to the foot when healed 
(see Fig. 6). The foot and ankle were immobilized in a padded posteiior plaster shell for two weeks. 
The wound healed per primam. 





A'clnnif 117 
Niiral'cr 2 


SURGERY OF TOPHACEOUS GOUT 


JAir this reason it was found advaiiRigeons to use local anesthesia wherever 
jiossihle. Thirty-three (liberations in all have been performed using colchicine 
in proibhylactic doses. 'Phe ineidence of postoperative gout, in contrast to 
the 80 per cent among untreated patients, was only ten per cent. Gout 
developed in one patient who had had preoperative colchicine but not post- 
oibcratively : one had it postoperatively hut not preoperatively ; and one 
had it both preoperatively and postoperatively. It is obvious from these 
data that the adecjuate use of colchicine not only gives peace of mind to the 
surgeon, hut comfort to the p;i(ienl in the postoperative period. If a 
patient suddenly develojis a fever in the lirst week following an operation, 
it is important to know that such a re.action not uncommonly may occur 
in patients with gout. More important is the recognition of the kict that 
it is ]iossihle to jirevent attacks of po.sioperative gouty arthritis with ade- 
ipiate amounts of colchicine. 

The type of anesthesia seemed to have little if any effect on the post- 
operative attack of gout. In this series local tmesthesia with one per cent 
novocain inlihration W7is used in 2 ^. ether in nine, spinal anesthesia in 
12. and no anesthesia in one. Six of the postoperative attacks of acute 
gout followed local anesthesia, three followed s])inal anesthesia, and four fol- 
lowed ether anesthesiti. 'i'he preponderance of c.ases following local anesthesia 
is explained by the f.act that the majority of the patients received local 
ane.sthesia for their operation. 

Studies . — The follow-up studies carried out in June, 1942. or 
u]) to the death of the jiaticnts. .showed that in only three out of the 93 
toibhaceous de))osits were rectirrences of any si/.e observed. One of these 
was in the finger of ;i woman with very extensive deposits in which an in- 
adequate removal wtis done at the fir.st operation. Tn the second ca.se a 
tophus recurred in the flexor tendon in the palm of the hand because removal 
had been incomplete from fear of destroying the tendon. I'he third case 
iiad a recurrence in the finger and was one of the earlier operations in 
which complete removal of the tophaceous deiiosit had not been obtained. 
The e.xplanation of why tophi do not recur after simply removing the urate 
acid crystals is not offered. 

Kelief from pain was obtained by the surgical removal of the tophaceous 
dejb().sits in 7ill of the 1 1 ]batient.s. Four jiatients with extensive involvement 
of the feet, who were unable to Av.alk without extreme pain or not at all, 
were rehabilitated so that they could get about without pain. Eight of the 
])atient.s had jbainful tophi removed from the hands and fingers with marked 
relief of symptoms and in some with considerable restoration of function. 
In addition the improvement in the appearance of hands was very marked. 

It is hoped that the results ])ubli.shcd in this paper will encourage others 
to undertake surgery in similarly afflicted gouty patients. Since this seiies 
of cases show that good results are possible by the surgical removal of 
tophaceous deposits, even late in life, it is recommended that suigeiy be 
done earlier in the course of the disease than usually is consideied desiiable. 
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. CONCLUSIONS 

1. The surgical removal of tophaceous deposits iu ii patients with gout 
is reported. 

2. Tophaceous deposits, as a rule, primarily involve joints and secondarily 
tendons, bones and soft tissues, but also the}'^ may occur primaril)^ in tendons 
and subcutaneous tissues. 

3. Carefully planned and staged-operations may be carried out on patients 
with gout which result in the relief of pain, restoration of function, rehabili- 
tation of the patient, improved cosmetic appearance, and in many instances 
permanent eradication of the tophaceous deposits. 

4. Adequate preoperative and postoperative treatment of the patient 
with colchicine is essential. 

5. Close cooperation between the surgeon and the internist in the selec- 
tion and care of these patients is vital. 
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The cure of gastric cancer can only be achieved by surgical inter- 
vention. This end can not always be attained by mere partial resection 
of this organ, on account of the location of the neoplastic process or the 
extension of the involved area, in which case other procedures are to be 
contemplated, such as esophagogastrectomy or total gastrectomy. 

The idea of performing a total removal of the stomach is not a new one : 
Already, in 1875, Czerny hinted at this possibility, which was put into prac- 
tice in 1883 by the American surgeon Connor, that is, three years after 
Billroth had started the surgical era in the treatment of gastric cancer when 
he successful}" performed his famed operation of a partial gastric resection. 
His patient died shortly after the procedure was ended, and fourteen years 
had to elapse before Schlatter would perform the first total gastrectomy, 
followed by temporary cure. Since that time there have appeared several 
publications, in the greatest majority of single cases or small statistics about 
this operation. It may be said that this procedure belongs to our day, inas- 
much as it is only in the last four or five years that medical centers spe- 
cialized in gastric cancer have placed it where it deserves to be. Up to date, 
there are about 240 total gastrectomies recorded in the literature; but this 
figure does not correspond nearly to the actual number of operations per- 
formed. Suffice it to say that 55 of them have been performed at the 
Lahey Clinic, while at the Massachusetts General Hospital this figure goes 
up to nearly 80. Even so, it is our feeling that it is not performed as 
frequently as it should be, which might be accounted for by the fact that 
patients suffering from this disease are treated at any surgical or medical 
center and not in specialized institutions, as it should be, and where they 
have more precise knowledge and judgment about the indications and 
technic of the operation. 

Let us review the physiopathologic and clinical bases that justify its 
performance. It is a well proved fact in humans, as well as in experimental 
animals, that the stomach is not an indispensable organ for the life of the 
individual. The function of reservoir for ingested food and its normal 
emptying is adequately filled by the jejunal loop, and as soon as adaptation 
to the new function takes place, patients can be fed. With certain restric- 
tions, they put on weight and lead a normal life. The gastric secretions 
are not indispensable for the digestion and absorption of alimentary principles 
to occur in a proper way, provided that the patient or animal that has under- 
gone the procedure be supplied with them in the proper amount and quality. 

Read before the New York Surgical Society, November 25, 1942. 
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As far as the chlorhydropeptic action is concerned, it has been proved in a 
most convincing manner that their simple exclusion from gastric secretion 
does not seriously alfect the physiologic digestion of albumin, fats and carbo- 
hydrates. It has been stated that the lack of the stomach fatally induces 
pernicious or secondary anemia. The experiments of Ivy, Mann, Graham, 
and others have shown that extirpation of the stomach is not followed by 
anemia, a fact that could be verified as late as four years after total gastrec- 
tomy had been performed. On the other hand, clinical experience teaches 
us that secondary anemia is not frequent, or so much so as following partial 
gastrectomy, and that the cases which showed severe anemia always had 
secondary metastases with fatal termination. We know only the one instance 
of Moynihan’s whose patient had a postoperative survival of three years and 
seven months and who died showing S3'mptoms of pernicious anemia, post- 
mortem examination having failed to show any evidence of recurrent or 
metastatic cancer. The investigations of Castle and Locke, and others, en- 
able us to state that there is no physiopathologic base to support such assump- 
tions. They have demonstrated that in the stomach, but specially in the 
duodenum, certain substances are generated (intrinsic factor) which, in the 
face of alimentary proteins (extrinsic factor) give rise to the formation of 
certain materials (erythropoietic factor) which are responsible for red blood 
cell formation. Mere sparing of duodenal mucosa, as is the case when 
stomach is partially or completely resected, would, therefore, suffice to 
prevent anemia. It is obvious that the latter is apt to occur in gastrectomized 
patients since it may occur in nonoperated individuals, the former showing a 
greater predisposition for this condition than nonoperated subjects. It 
might well happen that before the operation the patient would be in a state 
of equilibrium in which pernicious anemia would not occur because gastric 
mucosa supplied the part of intrinsic factor that for some reason the duodenum 
was not able to produce; Gastrectomy would break this equilibrium and 
pernicious anemia would develop since the duodenal factor proves to be in- 
sufficient. This is our possible explanation of the above mentioned instance 
of Moynihan’s patient. 

Other serious objections have been made to total gastrectomy: That the 
mortality is very high, that the greatest majority of those who survive die 
very shortly after, due to recurrence, and that the very few that are spared 
from both the operation and the recurrence never lead a normal life due 
to dietary restrictions to which they are submitted. According to the first 
publications operative mortality has been around 50 per cent or more. 
However, the last ones we have been able to consult, as well as the verbal 
communications from surgeons in this country, specialized in this field, show 
that as the surgeon gets more acquainted with the operation, improves his 
technic and the methods of anesthesia as well as the pre- and postoperative 
care of the patients and, above all, when he learns to select those cases in 
which operation should be performed, those high mortality rate figures have 
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come down in a very significant proportion. In other words, the history 
of the mortality rate with partial gastric resection has been repeated in the 
case of total gastrectomy. It is estimated to be now about 15 per cent in 
the Lahey Clinic; and it is as low a figure as. that that I have been given by 
Dr. Pack through his experience at the Memorial Hospital. In our own ex- 
perience, the mortality has gradually decreased and in the last four, only 
one patient died from bronchopneumonia. These facts, together with the 
truism that gastric cancer untreated, or treated by other means than surgery, 
ends by death in 100 per cent of cases, entitles us to state that in spite of 
being a difficult and a formidable procedure, total gastrectomy should be 
performed in certain cases of gastric cancer. 



Fig. I. — Gross specimen of stoniacli and Fig. 2.— Showing stasis and barium retention 

spleen after total gastrectomy for cancer. in the proximal jejunal limb, 24 hours after in- 

gestion of barium, in a patient who had a total 
gastrectomy without entero-enterostomy between 
the ascending and descending jejunal limbs. 

Which is the future of the patient with a total gastrectomy? It is true 
that a good percentage of them (I could not give the exact figure) die 
within the first )'ear following the operation ; but it is true also that sur- 
vivals have been reported ; many over two years, a few, as in the case of 
Moynihan and Mayo, over three years, the patient of Likov, four years, 
and a few days ago Dr. Cattell told me of having a patient who has sur- 
passed the five-year period. The fact is mentioned that strictures at the 
gastro-esophageal anastomosis occur very frequently. This is true, since 
it IS present in nearly 40 per cent of our survivals. We feel that this is 
one of the strongest objections against the procedure. One should watch 
very carefully the patient for this complication so as to perform dilatations 
^'henever it be necessar)^ The technic is still to be perfected in this phase 
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of the problem ; maybe the use of vitallium tubes left permanently in place 
could help to solve the problem. This is a field open to investigation. 

CRITERIA FOR TOTAE GASTRECTOMY 

According to our judgment, the indications and criteria to select cases 
lit for total gastrectomy should be as follows : 

(1) A neoplastic lesion involving all or the greatest part of the stomach 
with neither extension to surrounding organs nor distant metastasis. This 
is the case in linitis plastica or in certain types of sarcoma, and it is exactly 
in these cases where the best results have been obtained. 

(2) Sufficient degree of mobility of both stomach and lower end of 
esophagus so as to allow the complete removal of the organ and the con- 
struction of a perfect jejuno-esophageal anastomosis. 

(3) A good general condition of the patient enabling him to stand such 
a formidable procedure. 

(4) All surgeons with some experience in gastric cancer surgery are 
aware of the fact that a high percentage of patients with a partial gastrec- 
tomy develop a recurrence in the gastric stump. The works of Verbruggen 
about intramural extension of the disease show that it usually goes from 
three to four centimeters beyond the gross limits of the tumor. Verifica- 
tions carried on in some of our jiatients and histologic examination of over 
40 operative specimens made by Doctors Mena and Ossandon in the Patho- 
logical Laboratory of the Hospital del Salvador, Santiago de Chile, reveal 
the exactitude of Verbruggen’s statements. According to this, and in order 
that removal be actually radical, the stomach wall should be sectioned three 
fingers breadth beyond the apparently diseased area. Unfortunately this 
is not always possible, especially in those cancers that extend along the lesser 
curvature. New growths confined to the cardia or to the distal end of 
the esophagus form a group quite apart, since they must be treated by 
esophagocardiectomy. 

(5) Surgical equipment and trained team with experience in gastric 
cancer surgery. 

These patients should be submitted to a scrupulous pre- and postoperative 
care, the same that should be taken in any serious surgical interference in 
the abdomen. 

The choice of anesthesia is important, since it will be necessary to ac- 
complish a most careful abdominal exploration first to detect any metastatic 
disease that should be a contraindication to the procedure and then, because 
if the operation is undertaken, it will always be a long and difficult procedure. 
We have often used local anesthesia, preceded by a good preoperative anal- 
gesia and supplemented with cyclopropane or intravenous injections of 
sufficient doses of pentothal; spinal anesthesia has proved to be very satis- 
factory in experienced hands, whether it be the continuous supplemented with 
pentothal or the Jones' method with nupercaine. 
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OPERATIVE TECHNIC 

The incision we always employ, and that always gave room and ex- 
posure enough, is a left paramedian one carried from the costal margin 
down to one finger breadth below the umbilicus. I am going to refer 
only to the points that I consider of more importance in the technic of total 
gastrectomy, disregarding the details. In the first place, and I think that 



Fig. 3. — Specimen of a jejunal esophagus removed at autopsy, 
six months after operation. 

The inferior extremity of the esophagus is anastomosed to the 
jejunum. The scar, product of this anastomosis, is complete. There 
is no loss of substance at that level. The liver, in the left lobe 
and on its inferior surface, appears strongly adhered to the anterior 
surface of the duodenmn, with which it forms an oval mass. 

The photograph shows both walls of the jejunum separated by 
a glass tube. Arrow I shows the direction of the esophagus. Ar- 
row II marks the anastomosis of the jejunum with the esophagus. 

Arrow III shows the jejunum, in which are appreciated its typical 
folds. Arrow IV shows a piece of the left lobe of the liver adhered 
to the jejunum. 

the agreement is unanimous, the anastomosis should be made with the 
jejunum rather than with the duodenum: it is of easier execution and is 
much less dangerous. We begin the procedure by the colo-epiploic separa- 
tion, followed by clamping and tying of the gastro-epiploic vessels ; on 
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the right side just below the duodenum, on the left side close to the lower 
edge of spleen ; then the gastrosplenic ligament is tied in several small stumps. 
If this ligament appears to be involved splenectomy should be performed, 
which, on the other hand, renders the procedure much easier. In two of our 
nine patients we have had to do it; in one case for uncontrollable bleeding 
from the hilum ; in the other for extensive involvement of the gastrosplenic 
ligament. Both patients survived, without any disturbance due to the removal 
of spleen, an experience which I have seen confirmed by several authorities. 
Then the pyloric artery is identified and tied and the duodenum is cut 
across, inverting the stump by the usual method, using the Kerr-Parker 
suture over a Pa)u-’s clamp. The coronaiy vessels are then carefully dis- 
sected and tied ; the artery should he ligated very close to its origin in the 
celiac truck. At the end of this stage the stomach is only held by the 
esophagus. 

The next step should be to free the esophagus from its normal attach- 
ments to the diaphragm so as to mobilize its lower end down into the 
abdomen for a length of about five centimeters. To achieve this purpose 
several manipulations are necessary; if the left lobe of the liver is an obstacle 
to it, its round ligament should be sectioned, as advised by Grey Turner, 
and thus freed, so that it may be pushed towards the right, where it will 
be maintained in place b}^ means of an abdominal retractor. Then the 
stomach is pulled downwards and the peritoneum is incised at the point 
where it reflects from the diaphragm to cover the anterior wall of the 
esophagus, a crescent-shaped flap being thus developed. By careful blunt 
dissection with the finger or a blunt dissector the esophagus is sej^arated 
from the dihpliragin, thus exposing both vagus nerves which, after previous 
novocain injection, will be cut; this will allow a further mobilization of 
the esophagus for about four centimeters more. The stomach is then re- 
flected up and backwards, against the left costal margin so as to expose the 
posterior wall of the esophagus and perform its anastomosis with tbe 
jejunum. The first jejunal loop is then pulled up in front of the trans- 
verse colon and is anchored to the diaphragm behind the esophagus by two 
interrupted fine silk stitches separated one from another about five centi- 
meters, and selecting a loop situated about 30 or 40 centimeters from the 
Treitz ligament. The anastomosis is performed in two layers; enterior and 
posterior with interrupted stitches (U-shaped) of fine silk which take sup- 
port in the muscular layer of the esophagus and the serosa of the jejunum, 
and through-and-through continuous suture with fine chromic catgut. After 
these two layers have been placed, the peritoneal flap is sutured covering 
them with fine silk interrupted stitches. 

Roscoe Graham, of Toronto, rotates the afferent loop towards the left 
and sutures it to the efferent loop in front of the anterior semicircumference 
of the anastomosis, thus, giving a peritoneal protection to the whole stoma. 
As he creates in this way a certain obstruction to tbe afferent loop, he cor- 
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rects it making a lateral entero-aiiastomosis between the two loops. It is our 
belief that it is always wise to perform this entero-aiiastomosis, regardless 
of whether Graham’s technic is followed or not, as it facilitates the empty- 
ing of the jejunum and avoids the distension of the loop, therefore, granting 
a good relaxation at the level where the sutures are placed. It is advisable 
to pass a Levin tube through the nostril from the very beginning of the 
procedure, which shall be passed beyond the anastomosis down to the efferent 
loop. It gives an excellent rest to the stoma and enables the surgeon to 
feed the patient during the first eight or ten days. W e employed this technic 
in five of our patients, and that of Graham’s in the remaining four. In two 
of the latter group strictural changes occurred. We believe that while it 
makes the suturing safer it tends to stenose the anastomosis. 

Our personal experience with total gastrectomy is limited to nine cases — 
eight carcinoma and one sarcoma, which have been operated upon between 
February, 1940 and May, 1942. During this interval 107 patients suffering 
from gastric cancer were seen, partial gastrectomy having been performed in 
43 and total gastrectomy in nine; in other words, the latter operation was 
performed in 8.69 per cent of the total of patients and in 16.9 per cent of 
the gastrectomized ones. 

Two of our patients were females. The age distribution was as follows : 
Tweiit3f-two years, one case; 43 years, one case; from 50 to 58 years, 
four cases ; and from 60 to 65 years, three cases. 

The time elapsed between the onset of symptoms and surgical interference 
was from two months to one year, six cases ; of one year, one case ; and 
of two years, two cases. 

Involvement of stomach by neoplastic process was as follows: Of the 
entire stomach, three cases ; of the pylorus, one case ; of the lesser curvature 
to the cardia, five cases. 

Distribution according to histologic 134^6 showed lymphosarcoma, one; 
linitis plastica, three; gelatinous cancer, one; scirrhous cancer, two; adeno- 
carcinoma, two (one of them with mucous degeneration). The eight cases 
of cancer showed metastases to the regional l3miph nodes. The nodes present 
a lymphosarcoma, which were ver3’- enlarged, showed only catarrhal lympha- 
denitis. 

According to Borrmann’s classification, our cases were distributed as fol- 
lows: Group I, one case; Group II, two cases. Group III, no cases; Group 
IV, five cases. 

Four out of the nine who were operated upon died in the postoperative 
stage, ranging between several hours and ten days. The cause of death was 
peritonitis, in two cases (36 hours and six days, respectively) ; acute anemia 

(10 hours), one case; and bronchopneumonia in the last case (on the roth 
day). 

From the five patients who sundved the operation, one died from ab- 
dominal metastases six months latei*, one from the same cause seven and 

189 



FELIX DE AMESTI 


Aiitmli or Hurterj 
I'eliriiurj , 19^3 


one-half months later, one died of unknown cause during the eleventh 
month, one died from inanition consecutive to cicatricial stricture of the anas- 
tomosis, proved by two repeated biopsies, and who refused to be subjected 
to further dilatations. Survival of 13 months has been obtained in the 
other case. 

In two of our cases total gastrectomy was not indicated. The first was 
a 58-year-old woman w'ho developed some gastric discomfort two months 
prior to the operation. During the operative procedure a pyloric neoplasm 
was found, with subpyloric metastatic lymph nodes firmly adherent to the 
pancreas and small enlarged nodes in the pericardial area. These -were 
mostly subserous, and we thought them to be very probably cancerous in 
nature, both pyloric tumor and stomach were movable, the abdominal esoph- 
agus was unusually long, and the patient’s general condition quite satis- 
factory. The removal was an easy one except for the dissection of the nodes 
adherent to the pancreas, which induced considerable bleeding. The patient 
died, however, in acute anemia 16 hours after the operation. Due to cir- 
cumstances beyond our will, transfusion of a proper amount of blood was 
not administered, which might have spared this patient’s life since no hemor- 
rhage and only anemia of all viscera was found on postmortem examination. 
Histologic examination of the pericardial nodes showed only a catarrhal lymph- 
adenitis ; undoubtedly a frozen-section performed during procedure should 
have changed our whole attitude in this case. 

Postmortem examination of the patient w'ho died from bronchopneumonia 
demonstrated the presence of small metastases in the mesentery of the small 
intestine, which had passed unnoticed during exploration of abdominal cavity, 
and whose existence was a contraindication to the total gastrectomy. 

We realize that our experience wdth total gastrectomy is not favorable 
at all, but this does not mean that \vc should restrain ourselves from per- 
forming it; on the contrary, it stresses the fact that through its employ- 
ment it is possible to obtain long, lasting cures, provided we improve our 
knowledge of its precise indications and its operative technic. 


190 



PILONIDAL CAST: THE LOCAL USE OP BUFFERED 
SULFANILAMIDE IN PRIMARY CLOSURE 

James V. Scott,* Captain M.C., U. S. Army 

SURGICAL SERVICE 
Station Hospital, Fort Belvoir, Va. 

It IS THE PURPOSE of this paper to present an analysis of the immediate 
results in wound healing of 94 cases of pilonidal cyst in which primary wound 
closure was attempted. All cases were operated upon hy members of the 
Surgical Service, Station Hospital, Fort Belvoir. Va., between February. 194 > • 
and October, 1942. 

The problem of pilonidal cyst is encountered with greater frequency b}- 
the Army surgeon than by the civilian physician. In part this is due to 
the fact that we are dealing entirely with males of the younger age-group, 
but there is, in addition, the factor of increased physical activity. The 
patient whose pilonidal cyst has remained “dormant" during his comparably 
sedentary civil life may find that a short period of rigorous Army physical 
training, with the attendant perspiration and chafing of clothing at the upper 
border of the gluteal cleft, has resulted in irritation, producing an inflam- 
matory reaction or an actual abscess. The increased incidence of direct 
trauma is also important. In this series of 90 white and four colored males 
the chief symptoms in the order of the greatest frequency were: i. Pain. 
2. Discharge. 3. Itching and skin irritation. 4. Recurrent “boil.” 5. Lump. 
The duration of symptoms varied between one day and 17 years, the average 
being 21 months. A history of previous flare-up and remission was the 
rule. But the exacerbation, which in civil life might have been handled by 
rest and “local applications,” and allowed spontaneously to subside, was 
incompatible with full military duty, and thus the patient was forced to seek- 
early relief. All of these cases were hospitalized with one or more of the 
above symptoms, and no asymptomatic cysts were admitted for treatment. 
No cases have been included in this series in which excision was attempted 
elsewhere, either in a military hospital or in a civilian hospital prior to 
induction. 

In 38 of the 94 cases infection was grossly apparent on admission to the 
hospital, requiring incision and drainage as the initial procedure. For this 
purpose we generally employed one per cent novocain local anesthesia, and 
made a linear incision one to two and one-half inches in length over the 
fluctuant area. After evacuation of the pus and cleansing of the cavity 
an iodoform gauze wick was inserted into the cyst cavity and allowed to 
protrude through the skin edges to prevent sealing of the wound. Cultures 

* I wish to express my appreciation to Lieut. F. Louis Knotts, whose critical 
judgment is as keen as his friendship. 
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taken at the time of incision revealed the predominant organisms to be 
Staphlococais aureus, Staplilococcus alhus, B. subtilis, diphtheroids and 
gram-negative bacilli. Beginning on the first or second postoperative day 
hot sitz baths, two or three times daily for 30 minute intervals, afforded 
comfort as well as expedited the subsidence of the inflammatory process. 
These baths were continued, along with various topical antiseptic applica- 
tions, until such time as excision was deemed advisable, determined by the 
gross appearance of the lesion, cessation of active drainage, and lowering of 
the bacterial count. The average time before excision could be undertaken 
was 14 days. 

Fifty-six of the 94 cases did not require incision and drainage for gross 
infection prior to excision. For these relatively “clean” cases no routine 
preoperative topical therapy was employed. Some of us believe that in- 
jection of the sinus openings with methylene blue solution, done preferably 
one or two days prior to excision, is of advantage in outlining the diseased 
tissue areas. 

No general agreement prevails in the literature as to the best method 
for handling the operative wound after removal of the c)'’St and sinus, and no 
single procedure has been without drawbacks. Kleckner’s^ report of 4,699 
collected cases, of which 4,231 had been done by the open method, seems 
to indicate that the majority of surgeons would rather be “safe than sorry.” 
In a review of 87 cases, Tendler- favored block dissection and open packing 
with iodoform gauze. He stated that in cases where primary closure was 
attempted “one out of three (33.3 per cent) broke down or became in- 
fected deeply.” MacFee,^ in 34 primary closures, included in his review 
of 230 cases, reported that i8 (53 per cent) “developed abscesses or other 
complications which greatly prolonged the healing time.” Rogers and HalH 
used cautery excision followed by open packing of the wound. Smith® felt 
that “complete closure by the Lahey® flap method, or any other, if successful, 
gives the shortest convalescence. Owing to the prolonged healing time in the 
wound in which infection flares up, however, the average of the group is 
not better than by other methods.” Cutler and Zollinger'^ opened the sinus 
tracts and applied a sclerosing solution. Colp® anchored the wound flaps to 
the fascia over the sacrum and coccyx, and in MacFee’s® modification the skin 
itself is sutured directly to the fascia near the midline. Other forms of 
partial closure, undermining of flaps for better obliteration of dead space, 
retention sutures, and various other technics have been employed by others. 
Over the head of the surgeon who favors primary closure has continued to 
liang the scimiter of wound infection and recurrence, in spite of good results 
by this method, as reported by Ferguson and Mecray,® and Gage.^“ 

In this hospital we eliminated the open packing method following excision 
for the following reasons : 

I, Prolonged hospitalization is necessary, with consequent longer ab- 
sence from military duty. 
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• 2. The resulting wider, tender, thinly-epithelized scar is a discomfort to 
the soldier who is required to ride the hard seat of a jeep or truck, or who 
must assume a sitting posture with alacrity on the rifle range, and we have 
seen disability result from such scars split open under such stress. 

3. We believe that this method is a makeshift, more useful in eliminating 
feared postoperative sequelae than in dealing with the primary condition. 

Wound flap technics may be criticized on the basis of; 

1. Prolonged hospitalization, undesirable from a military point of view. 

2. Realignment of tissues at variance with their normal anatomical posi- 
tions — as in the skin-to-fascia suture. 

3. Deprivation of the sacrococcygeal fascia of its protective buttress of fat. 

It is generally agreed that primary closure would represent the method 

of choice were it not for the risk of wound infection and recurrence. Statistics 
covering recurrence are extremely valuable, so variable, in fact, that Rogers^^ 
suggestion that many so-called “recurrences"’ represent infected dead spaces 
resulting from faulty healing is not to be lightly discarded. 

The technic of excision and closure we employ is as follows : 

1. Under spinal procaine (100-150 mg.) or intravenous sodium pentothal 
anesthesia, an elliptical incision is made to encompass the entire cyst and 
sinus areas, but excising no more of the surrounding tissues than necessary 
to insure complete removal of the diseased parts. By careful dissection a 
minimal amount of normal skin and subcutaneous tissue is sacrificed, and, in 
this sense, we do not employ a true block dissection. Lateral ramifications 
of sinuses are dissected out in such a manner that the wound edges are not 
widely separated, spur incisions at right angles to the main vertical incision 
being made when necessary for this purpose. A wider-than-necessary cut- 
ting of the skin and subcutaneous tissues only makes closure of the wound 
more difficult and obliteration of the dead space more impractical. The 
small No. 15 Bard-Parker scalpel blade is an advantage in careful dissection, 
and traction on the lower or upper border of the elliptical skin edge to be 
excised aids in establishing a line of cleavage. 

2. After removal of the diseased tissue, larger vessels are ligated with 
No. 00 plain catgnt. Ooze is controlled by hot saline sponges. A dry 
wound is essential. 

3. Careful inspection of the removed specimens and of the wound borders, 
especially the skin edges, aids in insuring that no diseased tissue remains. 
The greyish appearance and firm, gritty feel of a residual portion of a sinus 
tract or cyst wall can usually be recognized and the border of the incision 
extended to encompass it if present. 

4. Interrupted sutures of No. o or No. i chromic catgut are placed to 
approximate the deep layer, the bites being taken into the lateral walls 
of the cavity beginning about one-half to three-quarters of an inch below 
the skin edge, and are anchored to the presacral fascia. These are spaced 
about three-fourths of an inch apart, and in such manner that each repre- 
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sents a simple suture, the entire circumference of which, if possible, is 
huriecl in the tissues except at the top where the knot is to be tied. We 
do not feel that undercutting of the fat is necessary or advantageous, since 
it increases bleeding, and may further reduce a none-too-adequate vascular 
network. 

5. A sulfonamide drug preparation is sprinkled into all portions of the 
wound cavity. One-half to one and one-half grams of the powder is suf- 
ficient, depending upon the extent of the incision. Overuse may give 
rise to caking at the bottom of the wound, and may interfere with tissue 
healing by foreign body action, as suggested by Bick.^- 

6. The buried catgut sutures are then knotted, and they lie, at their 
uppermost points, about one-half to three-fourths of an inch beneath the 
skin margins. Placing them relatively close together aids in uniform 
obliteration of deep dead space, and minimal tissue excision insures that 
they will be tied under the least tension possible. Such buried sutures were 
used in 82 of this series of cases. In the remaining 12 cases the simultan- 
eous approximation of deep and superficial tissues in one layer was at- 
tempted by the use of silk, silkworm gut or steel wire. We do not feel 
that such retention sutures passed through all layers, and either tied on 
the surface or over a gauze roll, secures as good approximation of the 
deep tissues, and that likelihood of introduction of infected material into 
the wound at the time of suture removal is greater. 

7. Closure of the superficial subcutaneous tissues and skin edges is ac- 
complished with interrupted No. o or No. i silk vertical mattress sutures 
(35 cases), subcuticular silk suture (13 cases), subcuticular steel alloy 
wire suture (15 cases), and interrupted steel alloy wire sutures (17 cases), 
or other suture material as dictated by the operator’s preference. Absolute 
evenness in approximation of skin margins is important because of the 
proximity of the rectum and the attendant possibility of contamination from 
this source. 

8. Sprinkling or dusting the suture line of the closed wound with a 
sulfonamide i^reiDaration may be an additional safeguard against surface 
bacteria as well as an aid in keeping the incision dry. 

Postoperative attempts to obliterate potential or actual dead spaces by 
means of gauze rolls, pressure dressings, and placing the patient on his 
back may be harmful in that local circulation is interfered with. Such oblit- 
eration is better accomplished at the time of operation by the deep suture 
layer in the vertical plane. Consequently, we prefer a dry gauze dressing 
secured not too tightly by adhesive strips. This dressing is changed on the 
second or third postoperative day, and during the intervening time a bowel 
movement should not be encouraged. Purges and enemata should be avoided. 

The topical application of sulfonamides to wounds, both traumatic and 
operative, with a view towards prevention of infection or of combating 
infection already present, is under thorough discussion at the moment. 
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The understanding of the mode of action of sulfonamides has recently made 
considerable progress, particularly since it was shown by Schmelkes, Wyss 
and associates^" that the anion of the sulfonamides is the agent that con- 
tributes mostly to the antibacterial etYectiveiiess of sulfonamide solutions 
and that the difference between various sulfonamides is based upon the 
degree of their acidic dissociation. These workers drew the logical con- 
sequence from their experiments of postulating that as the pn of the en- 
vironment is increased the relative effectiveness of the stronger acids in 
comparison with the weaker acids would be progressively obliterated, and 
that actually at pn 9 there is a very little difference mg. for mg. per cent 
between sulfathiazole and sulfanilamide. In view of the very much larger 
solubility of sulfanilamide, implantation - of sulfanilamide crystals in an en- 
vironment at pu 9 should result in much more effective local chemotherapy 
than any other of the conventional sulfonamides. 

We, therefore, obtained* a preparation of buffered sulfanilamide powder 
which contained ten per cent calcium carbonate in addition to the con- 
ventional crystalline sulfanilamide now in use. Calcium carbonate was used 
rather than soluble buffers because it was believed that in this manner 
buffering of the environment could be brought about that would last as long 
as the sulfonamide effect itself. 

The following is a preliminary report of a comparative investigation of 
the implantation of this buffered sulfanilamide into a series of postoperate 


wounds obtained by the excision 

of pilonidal cysts: 


Number 

of 

Cases 

29 

Drug Employed 

0.5-1.5 Gm. 

None 

(controls) 

T.-tBLE I 

Primary 

Healing 

2 1 cases 

72% 

Infected 

Wounds 

8 cases 

27% 

Average Number of 
Days in Hospital 
After Excision 
24.8 

5 

Sulfathiazole 

5 cases 

100% 

None 

22 

32 

Sulfanilamide 

22 cases 

69% 

10 cases 

31% 

27.9 

28 

Buffered 

sulfanilamide 

27 cases 

96.4% 

1 case 

3.6% 

18.8 


Comment: Our criteria for classification of wounds as clean or infected 
was, of necessity, largely clinical rather than bacteriologic, since the presence 
of an abnormal number of surface organisms in this area of the body alters 
the validity of wound smears. Elevation of the patient’s temperature, with 
the findings of increasing local tenderness, redness, and the spontaneous 
discharge or mechanical release of murky fluid or frank pus from the in- 
cision were considered significant. 

* Through the courtesy of the Research Laboratories of Wallace & Tiernan Prod- 
ucts, Inc., Belleville, N. J. 
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Sulfathiazole was used in only five cases because we were unable to 
secure an adequate supply of the drug in powdered form. The five cases 
are not considered to l)e of statistical value. 

The cases in which l)uffered sulfanilamide was used showed a remarkably 
high incidence of primary healing ivithout infection. This result can not 
be accounted for in any manner except by the action of the drug itself, 
since no other major variable in technic occurred. The percentages of 
each large group (Table I) requiring incision and di'ainage prior to ex- 
cision were proportionately constant; 

No drug (controls) ii cases (38%) 

Sulfanilamide 14 cases (43.7%) 

Buffered sulfanilamide 12 cases (42.8%) 

No systemic sulfonamide was administered except after gross infection 
was apparent and drainage and wound irrigations instituted. Therefore, 
these wounds, as far as this tabulation is concerned, may be considered 
to represent the local sulfonamide action only. 


Table II 


Drug Employed 
0.5-1. S Gm. 

None (controls) 

Sulfanilamide 

Ruffered sulfanilamide 



Percentage of Primal y 

Wound 

Healing Groups 

Serum 

(Table I) 

9 cases 

31. % 

6 cases 

27.2% 

7 cases 

25. % 


In Table II are shown, under their respective groups, those wounds 
which healed by primary union but in which serum formation, without 
clinical evidence of wound infection, was detected. The percentages are 
comparable, and from this limited evidence we can make no deduction 
that either plain sulfanilamide or buffered sulfanilamide, in the quantities 
used, has a definite irritative foreign body action. 

However, the presence of serum in clinically detectable amounts did delay 
healing, as can be seen when al! cases are subdivided on the basis of wound 
status (Table III). 

Table III 

AVERAOE NUMBER OF DAYS IN HOSPITAL — 94 Cases 
Primary Healing 

Without Serum Serum Infection 

17.9 26 40.5 

It is to he remembered that when released from the hospital these cases 
were discharged to duty. All wounds were clinically healed at such time, 
although residual sensitivity of the scar to palpation and pressure was still 
present in most instances. We regret that the follow-up period of observa- 
tion is necessarily short, and we, therefore, have no data on the question 
of recurrence. 

Finally, the general similarity of these wounds and their anatomic loca- 
tion in a region of the body where wound infection is a common occurrence 
makes this study of the bacteriostatic effect of these drugs of some value. 
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SUMMARY AND CONCLUSIONS 

1. Immediate results in a series of 94 cases of excision of pilonidal cyst, 
with primary M^ound closure, have been presented from the standpoint of 
operative technic and wound healing. We believe primary closure to be 
the method of choice from a military point of view. 

2. The use of buffered sulfanilamide powder dusted into the wound at 
the time of operation has markedly reduced the percentage of postoperative 
wound infections, wdiich effect plain sulfanilamide alone failed to produce. 

3. The local use of buffered sulfanilamide in traumatic war wounds 
may be suggested from the standpoint of availability, economy and efficiency. 
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BILIARY DYSKINESIA FROM THE SURGICAL VIEWPOINT 

J. E. Strode, M.D. 

THE CLINIC 
Hokoltjlu, T. H. 

Functional changes causing disease are in general poorly understood 
and frequently go undetected because of the lack of demonstrable pathologic 
changes at the operating table and in postmortem examinations. Dyskinesia 
or disorders in the motility of the extrahepatic biliary passages is an out- 
standing example. 

Few surgeons, of wide experience in ‘gallbladder surgery, have escaped 
disappointing results following cholecystectomjG This may he the case even 
when there is definite evidence of cholecystitis, with or without cholelithiasis. 
It is more particularly so when, at operation, no definite pathologic condition 
is found, and the gallbladder is removed because the history suggests trouble 
or the gallbladder visualization test suggested that the organ was not func- 
tioning properly. After the abdomen is opened it is extremely difficult, at 
times, to weigh all the evidence accurately that has been accumulated pre- 
operatively with that obtained by visual and manual examination, in deter- 
mining whether or not to remove the gallbladder or explore the bile ducts. 
I can recall being unable to detect small stones in a normal looking gall- 
bladder by palpation even after all the bile had been aspirated, and their 
presence was only demonstrated after the gallbladder was widely opened. 
At another time the gallbladder was removed without gross evidence of dis- 
ease because of the characteristic history and because there was a small, 
questionable filling defect in the visualized gallbladder. On opening the 
removed organ a very small pedunculated adenoma was found that had un- 
doubtedly intermittently obstructed the cystic duct. Removing the gall- 
bladder relieved the patient of her symptoms. If doubt exists at times as 
to the advisability of removing the gallbladder bow much more frequently 
the question arises as to the advisability of exploring the common duct. 
After the duct is opened one can never be sure that all the stones have 
been removed, even since the use of visualization of the biliary ducts by 
opaque media during the course of the operation. If symptoms of biliary 
colic recur following operation, doubt usually still exists as to whether or 
not symptoms are due to a stone having been overlooked, as to whether 
or not one is dealing with a functional type of biliary passage involvement, 
or whether or not some other organ or structure is at the bottom of the 
trouble. 

We are familiar with the teachings of Lahey and with his insistance on 
exploring many more common ducts than have been explored in the past. 
This, in the hands of men qualified to do this type of surgery, has un- 
doubtedly resulted in fewer instances of postoperative disappointment. It 
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has not, however, solved all of the problems that arise in this field of surgery. 

That symptoms of gallbladder colic can occur and no stones can be 
demonstrated at operation, either in the extrahepatic biliary ducts or in 
the gallbladder, is a fact well known, and considerably written about. The 
first individual apparently to call attention to this was Krukenberg,^ in 
1903, and Borghi,2 in 1913. In 1909, the pathologists Aschoff and Bac- 
meister^^ contributed further to the subject by describing the “stasis gall- 
bladder occurring without inflammation or stones.” Schmieden,^ in 1920, 
wrote of the individual with gallbladder distress in whom at operation no 
stone or inflammation could be found and yet who showed a markedly dis- 
tended gallbladder. He attributed these symptoms and findings to an ana- 
tomic defect involving the cystic duct. Berg,^ in 1922, suggested that 
biliary stasis might be the result of a functional disorder of the sphincter 
inuscle of the ampulla of Abater, because he was able to demonstrate hyper- 
trophy of this muscle in an individual with biliary symptoms and no other 
findings. Numerous investigators have interested themselves in the question 
of functional disorders of the biliary system. The concept that biliary 
distress and pain may result from motor dysfunction of the extrahepatic 
ducts presupposes that spasm of the sphincter mechanism about the ampulla 
of Vater, or perhaps elsewhere along the ducts, raises the intraductal pressure 
to the point where pain is produced. Distention of organs causes pain. 
Severe and excruciating pain occurs in Dietl’s crisis when the pelvis of the 
kidney is suddenly distended ; plugging of the cystic and common duct by 
stone results in severe colicky pain ; distention of the intestine following 
obstruction gives similar symptoms. That the sphincter muscle about the 
ampulla of Vater is capable of resisting high intraductal pressure has been 
demonstrated experimentally and was strikingly evident in one of the cases 
which will be cited later. 

Ivy® has shown experimentally in dogs that the gallbladder may contract 
with a maximum of force of about 30 cm. of bile pressure, which is also 
about the secretory pressure of bile, Avhereas the common duct sphincter 
may contract and exert a resistance of as much as 80 cm. of bile pressure. 
Thus, it is evident in the dog, at least, that a spastic choledochoduodenal 
sphincter mechanism may cause an intrabiliary passage pressure sufficient 
to block the flow of bile either from the gallbladder or liver. Further 
evidence was elicited b}^ IV39 and his coworkers," in humans, which permitted 
them to conclude that “pain may be elicited from noninflamed biliary pass- 
ages b}- the maximum pressure that may occur in their lumen provided the 
pressure is raised rather rapidly, esj^ecially in the presence of a tonic 
musculature.” 

To further quote Ivy, and coworkers: “This concept also provides a 
rational basis for gallstone colic without gallstones, for so-called 'cholecys- 
titis,’ with a normal gallbladder at operation, and for so-called ‘hepatic 
neuralgia.’ It is further possible that the presence of an irritable or hype- 
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trophied sphincter of the common duct ma}' explain the recurrence of symp- 
toms in some patients following cholecystectomy. The early relief would be 
due to the temporary paralysis of the sphincter that always follows cholecys- 
tectomy. But, after recovery from the temporary paralysis, the irritable or 
hypertrophic sphincter may again produce symptoms of biliary tract dis- 
tention. The recognition of this possibility should emphasize the importance 
of the medical rather than the surgical management of these patients, although 
it must be recognized that some dyskinesia patients are benefited by cholecys- 
tectomy and some patients with residue after cholecystectomy are benefited 
by choledochoduodenostomy. In this connection, Aschofif'’ reports a series 
of 215 cases in which 25 stone-free gallbladders were removed; of the 25, 
seven had residual symptoms accountable for only by dyskinetic processes. 
It is likely that the number of discouraging results may be fewer when the 
idea of a functional disturbance is better understood and managed thera- 
peutically by the surgeon and internist. We would state, however, that we 
do not believe the diagnosis of dyskinesia to be simple. The presence of 
pain in the gallbladder region with a normal 14-hour cholecystogram, and 
absence of clinical evidence of an inflammatory process, may lead one to 
suspect but not diagnose a dyskinesia. In this communication we have 
desired only to emphasize that the possibility of the occurrence of biliary 
dyskinesia should be borne in mind and requires consideration in the eti- 
ologic analysis, diagnosis and therapy of biliary tract diseases.” 

McGowan, and coworkers,® in 1936, interested themselves in the direct 
measurement of changes in physiologic function of the common bile ducts 
of human beings who had disease of the biliary tract. Apparently, they 
were the first to carry on such investigations in the human being. Individuals 
into whose common duct T-tubes had been placed for prolonged biliary 
drainage were used for their investigations ; eight individuals were used 
and 15 observations were made. They found that giving gr. morphine 
subcutaneously produced an increase in intraductal pressure on 14 occasions, 
pressure began to rise from two and one-half to four minutes after the 
injection, and reached a plateau in from 10 to 15 minutes. Rise in pressure 
was associated with constant pain in one case. The pain was situated in 
the right upper abdominal quadrant and extended around the right sub- 
costal region and to beneath the right scapula. Five attacks of pain occurred 
during the course of study, and in each instance was associated with a rise 
in intraductal pressure. The duration and severity of the pain corresponded 
in each case with the height of the pressure curve. On one occasion the 
pressure was as high as 160 mm. of water. This was the same type of pain 
from which the patient had suffered since removal of her gallbladder one 
year previously. 

From their studies, the effects of morphine on the biliary system made 
this evidence available: ”(i) Fluid can be made to flow from the common 
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bile duct into the duodenum after administration of morphine only by in- 
creasing the pressure. In other words, the perfusion pressure is increased. 
(2) Roentgenograms made before administration of morphine give evidence 
of rapid emptying of the common duct; the opaque medium usually is found 
in the duodenum. Roentgenograms of the same ]iatients after administra- 
tion of morphine give evidence of distention of the common duct. Opaque 
substances remain in the hepatic ducts and smaller branches of the biliary 
tree and the lower end of the common duct tapers to a sharp point, suggesting 
muscular spasm; the picture is not unlike that of the esophagus in the 
presence of cardiospasm. The drug that produced complete disappearance 
of pressure and absolute relief of pain was amyl nitrite. A few whiffs of this 
drug, almost at once, brought the pressure down to zero, where it re- 
mained for a few minutes and slowly returned, after about 15 minutes, to 
the level at which it had been after administration of the morphine. At the 
same time that the pressure fell, the patient was completely relieved of pain.” 

Strauss,” and associates, in 1933, reported 29 cases of chronic biliary 
stasis without stones, which they believed were due to a triangular infection 
of the duodenum, pancreas and common duct. They thought the infection 
probably began as a duodenitis and ascended the common duct producing 
infiltration and swelling of the ampulla of Vater and lower part of the 
common duct, thereby causing spasm and obstruction of the papillary outlet 
of varying intensity. In some of these cases attacks simulating gallstone 
colic were produced, and in others jaundice simulating that caused by obstruc- 
tion of the common duct from carcinoma of the head of the pancreas. Satis- 
factory results in most instances followed choledochoduodenostomy plus gas- 
tro-enterostomy. Undoubtedly, most of these cases could be classified in the 
category most frequently spoken of as dyskinesia of the biliary passages. 

From this citation of the evidence accumulated by the above investigators 
and clinicians, it is evident that a typical picture of gallstone colic can be 
produced when no stones are present, either in the gallbladder or biliary 
ducts. Those are the cases in which the surgeon at the time of operation 
may be veiy much in doubt as to what course to pursue. His decision 
usually takes one of three directions : ( 1 ) He removes the gallbladder — 
perhaps explores the common duct. (2) He decides that a mistake in the 
diagnosis has been made, looks around for something else to account for 
the symptoms and, generally, winds up by taking out the appendix — 
meanwhile, offering up a prayer to the eff'ect that he hopes the trouble has 
been found and eradicated. (3) He closes the incision and admits defeat. 

Whatever the course taken, it is surprising how many peojde remain 
free of further symptoms. An indefinite percentage of the cases continue 
to complain of symptoms the same as previous to celiotomy, and are gener- 
ally then classified as being neurotic. Again, it may happen that sufficient 
trouble is found at operation, usually cholecystitis with cholelithiasis, even 
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stones in the common duct, to account- foi‘ the patient’s symptoms, and yet 
after proper correction the symptoms persist. The conclusion usually reached, 
and the condition usually found, if the patient is reoperated upon, is that 
a stone was left or had reformed in the common duct. 

Such an example stands out vividly in m}^ memory, even though it 
occurred a number of years ago. A woman with tyj^ical gallstone colic was 
operated upon. The gallbladder, containing numerous stones, was removed, 
the common duct was opened and numerous stones were removed from it. 
None remained, so far as could be ascertained. Shortly after discharge from 
the hospital the patient experienced severe abdominal pain suggestive of 
gallstone colic. Attacks recurred with increasing severit}^ but the patient 
steadfastly refused further operative interferences and died suddenly in the 
height of a paroxysm of pain. Autopsy revealed a small stone, a few milli- 
meters in diameter, in tl^e ampulla of Vater. 

Such a train of events may take place, however, and no stones or other 
pathologic condition be found to account for the symptoms. It is in such 
a case that one must bear in mind the possibility of a functional abnormality 
— so-called dyskinesia of the biliary passages, d'he two following case reports 
are illustrative, in my opinion, of such a condition : 

Case I.— Mrs. A., Queen’s Hospital No. 152069, first came under my care, 
November 24, 1928, because of pain in tlie region of the gallbladder, suggesting gall- 
bladder colic. She stated that for the past 15 to 20 years she had suffered intermittently 
from such attacks of pain. There had never been fever, chills or jaundice, in spite 
of recurrent severe attacks of pain retjuiring morpliine for relief. She did not submit 
to operation until July 23, 1932. The gallbladder contained one large stone, several 
smaller ones, and debris. The common duct was palpated but not explored. The 
gallbladder was removed. Twelve day^s after operation the same type of abdominal 
pain recurred, requiring morphine gr. >4 for relief. These attacks occurred repeatedly 
until she was operated upon for the second time on May 21, 1935. It was our conclusion 
that a stone in the common duct had been overlooked. At operation, the common 
duct was found to be somewhat larger than normal, but not markedly so. The extra- 
hepatic ducts were thoroughly explored including probing, scooping and irrigating, and 
no stone could be found. A rubber ureteral bougie could be passed well down into 
the duodenum and, after freeing the descending duodenum and rotating it to the left, 
the common duct in its entirety could be palpated, but nothing abnormal could be 
detected. We were, again, much chagrined but equally in doubt as to the cause of 
our patient’s disability. Symptoms Avere relieved for a while but soon recurred the 
same as before. 

These attacks were unrelieved by amyl nitrite or nitroglycerin. She at no time 
developed clinical jaundice though the icterus index was 25 on November 10, 1939, 
and on May 9, 1940, it Avas ii and the A'an den Bergh 3.25 mg. per 1,000 cc. All 
types of examinations Avere made, including gastro-intestinal, urinary, blood tests for 
lues, etc., to explain the attacks of pain, but Avere all negative. The pain Avas so 
typical of biliary trouble— epigastric and right upper quadrant, radiating to back, and 
of such increasing severity, Ave felt justified in again exploring the common duct. This 
was done February 9, 1942. Needless to say, the procedure Avas difficult because of many 
adhesions from the tAVO previous operations. The common duct, Avhich Avas someAvhat 
larger than normal, Avas again opened and explored, as Avell as the hepatic ducts, and 

202 



\olumc IIT 
Number 2 


BILIARY DYSKINESIA 


no stones could be found. A lubber uieteral bougie, similar to the one wbicb had been 
passed into the duodenum at the previous operation, could not be made to pass the 

ampulla of Vatcr, and neither would saline injected into the duct. In order not to over- 

look a stone that might be lodged in the distal end of the duct, transduodenal explora- 
tion of the ampulla of Vatcr was decided upon. The descending part of the duo- 
denum was freed along its lateral side, allowing mobilization of this part of the 

intestine. A longitudinal incision was made in the anterior wall of the duodenum 
over the region of the opening of the common duct (I'ig. la). Though the interior 
of the duodenum contained a considerable (luantity of bile, the opening of the duct 
could not be located. Saline was then injected into the common duct above hj" inserting 



Tig. j. — A. Sho^^s site of incision in the duodenum to expose the opening of the common duct. 
B. Showing site of insertion of catheter to irrigate the common duct. 


a catheter, as shown in Figure ih. and though the region of the ampulla of Vater blew' 
up like a balloon not a drop of saline escaped. Repeated efforts brought the same 
results. Since the patient had never been clinically jaundiced and there w'as bile present 
in the duodenum, it was concluded that w'c w'ere dealing wdth a spasm (dj'skinesia) of 
the sphincter of Oddi. 

An incision w'as made, approximately one-half inch in length, into the ballooned-out 
area (Fig. 2c), and this gave a free opening into the low'er end of the common duct. 
So far as I could determine there did not appear to he an unusual amount of hyper- 
trophy of the sphincter muscle. How'ever, lack of familiarity with the thickness of the 
normal sphincter, plus difficulty of getting a clear view' because of blood and bile, 
made this observation of doubtful value. The common duct w'as now' easily irrigated 
out, probed and scooped, and no evidence of stone could be found. The opening into the 
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ampulla of Vater was held open by inteirupted fine chromic catgut sutures (Fig. 2d) 
The opening in the duodenum was sewn transversely, using a row of chromic catgut 
and an outer row of silk ; the line of suture being covered over with a patch of 
omentum (Fig. 2e). The opening in the common duct was closed tight with interrupted 
chromic sutures. One rubber tissue dram w'as inserted into Morison’s pouch and the 
incision w'as closed in layers. The patient made an uneventful recovery and to date 
(October i, 1942) has been entirely free of gallbladdei symptoms. 



Suttares holdinq/open 
ampul la of Vater^ 


Lonqituiihai'lndsion closed , 
transversely and covered 
v~ith patch of omentum 


Fig 2 — C Showing the incision into the ampulla of Vatelr. D. Showing the technic of pro 
cedure of bolding open the ampulla of Vater. E. Showing the method of protection of the incision 
into the duodenum. 


Case 2. — A female, age 48, had had, for the past 20 years, recurrent severe attacks 
of epigastric pain. After the December 7, 1941, “blitz” these attacks became much more 
frequent and more severe. Roentgenologic examination followdng gallbladder visualization 
substantiated the diagnosis of gallbladder disease. At operation, June i, 1942, a 
gallbladder containing numerous stones was removed The common duct was explored 
by palpation only, since neither the history nor local findings suggested common duct 
stones. The second day following opeiation the patient stated that the same pain re- 
curred, though it may have been that she could not differentiate this from postoperative 
distress. At least, very soon following operation she developed excruciating attacks of 
pain similar, but even more severe, than previous to operation. These attacks required 
repeated injections of large amounts of morphine for their relief. At no time w'as 
clinical jaundice evident. Because stone in the common duct is the most frequent 
cause of such symptoms, it w'as felt that we were probably dealing with this condition, 

204 



Volume 117 
Number 2 


BILIARY DYSKINESIA 


though dyskinesia of the spliincter of Oddi was considered largely because of our recent 
experience. 

Exploratinii of the roniinon duet was undertaken, June 2, i<)42, with practically 
the same lindings as in Case i. The duet was not noticahly enlarged. No stones 
could be found. Fluid could not be made to pass into the duodenum when injected 
into the coninion duct. A soft lead probe was gently passed down the duct as far as 
possible ill order to help identify the proper place to open the duodenum in our search 
for the ampulla of N'ater. The ampulla was not readily identified, but with a finger 
in the duodenuni. as a guide, the probe was gradually worked through the common 
duct opening. Rubber catheters of increasing size were attached to the probe, and to 
one another, and drawn back up the common duct. No stones were extracted and none 
could he washed out by irrigation. .An incision was made through the ampulla to include 
the sphincter of Oddi which, again, did not seem unduly hypertrophied. No sutures 
were placed in this incision. The duodenal incision, the opening into common duct, 
and abdominal wall were closed as described in Case 1. The patient made a good 
recovery. She left the hospital on the twelfth postoperative day, and has been symptom- 
free to date, October i. 1942. of all symptoms suggesting biliary colic. 

In the treatment ot biliary dyskinesia and other conditions attributed 
to an abnormality in the region of the ampulla of Vater, in which no organic 
lesions were demonstrable, various surgical means of correction have been 
advised. Removal of the gallbladder with prolonged drainage of the common 
duct by means of a T-tube has its advocates. Dilating the ampulla of Vater 
by using sounds of increasing size has been done, apparently, with success 
but not without unfortunate and even fatal results, due to injury of the 
duct, followed by retroperitoneal infection. Strauss,'’ in the cases previously 
referred to, preferred choledochoduodenostomy followed by gastro-enteros- 
tomy was added to the primary operation to side-track the stream of food 
and lessen intraduodenal pressure, in order to minimize the danger of food 
regurgitating up the biliary passages. It would seem to me controversial 
whether the danger from a gastrojejunal ulcer developing following gastro- 
enterostomy might not outweigh the dangers from bile regurgitating up the 
biliary passages. 

Colp and DoubileO” have found that physiologic disturbances of the 
sphincter of Oddi bear an imixn-tant relationship to certain types of acute 
pancreatitis, gallbladder disease, the post cholecystectomy syndrome, the 
dyskinesia of the biliary tract, and some forms of transient jaundice. To 
cerrect the snasra of-tlig .sjahiurt-er .oL Odfb'. tberc liave. dftvise.d 
(sphinctertome) which they pass down the common duct into the duodenum. 
It is then withdrawn until it contacts the intestinal wall. A piece is then 
bitten out which is supposed to include a portion of the sphincter muscle. 
The procedure corresponds to the blind-punch operation for prostatic hyper- 
trophy, which preceded our present methods of visual precision. While 
the method worked satisfactorily in the hands of the inventors it would 
seem to be fraught with considerable danger due to the blindness of the 
maneuver. 

Anastomosing the gallbladder to the stomach or duodenum may be done, 
and IS the procedure usually carried out in the presence of jaundice thought 
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to be due to malignancy of the head of the pancreas. Usually the gallbladder 
has been removed before it becomes apparent that one is dealing with a physio- 
logic disturbance of the sphincter of Oddi. In fact, it is a diagnosis arrived 
at largely by the process of exclusion. 

The operation of transduodenal exploration of the ampulla of Vater 
and subsequent division of the sphincter of Oddi, the method employed in our 
two cases, is .the only procedure that lends itself to arriving at a correct 
diagnosis. It permits of a direct visual attack on the seat of trouble and if a 
stone is present this can be removed and unnecessary and undesirable side- 
tracking operations prevented. It is not an operation to be considered 
lightly, for it has potential possibilities of serious complications. However, 
with due amount of care and caution the risks can be kept at a minimum. 

SUiMMAItY AND CONCLUSIONS 

1. Symptoms of biliary colic can and do occur in the absence of gall- 
stones. Biliary dyskinesia must be thought of when no stones are found 
at exploration. 

2. Dyskinesia of the biliary passage is a disease entity with which the 
medical profession needs to become more familiar. 

Two cases of this condition are cited, with the method employed in their 
correction, and a short discussion of the subject in general is indulged in. 
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Biliary colic not infreciuenlly presents a problem which the physician 
or surgeon is nnahle to solve immediately and satisfactorily by various hypo- 
dermic measures. ln([niries among colleagues will show that it is quite 
customary to administer Lj grain of morphine for biliary colic, and 

if relief does not follow within 30 minutes or more, to give a second hypo- 
dermic of the morphine together with Vi 00 or gi'ain of atropine. The 
latter will often afford relief after morphine alone has failed. This is ap- 
])arently the popular method of administering hypodermics for biliary colic 
whether the gallbladder is ])resent or has been removed. 

One of us. (R. R. B.-’- ') reported, in 1936, on the use of nitroglycerin 
in .spastic biliary dyssynergia and with cholangiograms demonstrated the 
relaxing effect of nitroglycerin on the choledochal sphincter area in some 
cases. Putsch. McGowan and M’alter.s'’* reporting, in the same year, on the 
effects of various drugs on the choledochal sphincter area, emphasized the 
more immediate relaxing effect of amyl nitrite and the more lasting effect of 
nitroglycerin. From further experimental studies and clinical experience 
with morphine and antispasmodic drugs, we believe we are now able to 
draw more practical conclusions regarding the management of the various 
types of biliary colic, namely, spasm of the gallbladder, the cystic duct or the 
choledochal sphincter. 

Since the original experiments of Kitakoji,^'* in 1930. which were later 
confirmed by Lueth,^® and others, as well as by our own observations, it has 
been accepted that morphine and allied drugs increase the resistance of the 
sphincter at the lower end of the common duct. If the flow of bile is blocked 
by stones in the common duct, intraductal pressure rises, and in turn causes 
pain. Also morphine would continue to give the effect of increasing pain 
by contracting the sphincter mechanism, e.xcept for the fact that it tends 
to blot out the sensation of pain in the cerebral centers. It has been my 
observation among patients with severe hiliaiy colic that many notice a 
sharp increase of pain for a few minutes after a hypodermic of morphine is 
given, but relief often follows as soon as the morphine acts on the higher 
nerve centers. Frequently, a second hypodermic of morphine, or morphine 
with atropine, is necessary before satisfactori'^ relief is obtained. The 
second injection of morphine further depresses the higher nerve centers 
while still maintaining the spasm of the sphincter area at the lower end of 
the common duct, thus giving relief from pain without physiologic release 

* Major, 3rd Auxiliary Surgical Group, Medical Corps, U. S. Army, 
t Lieutenant, Medical Corps, U. S. Navy. 
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of the inci eased piessiue in the biliary system. An antispasmodic which 
would be used in conjunction with morphine to consistently relax the mus- 
culature of the gallbladder, the cystic duct or the sphincter area at the 
lower end of the common duct, would be an efficient and reliable means of 
affording physiologic relief for patients with biliary, colic. Experimental 
studies by a number of investigators have revealed no drug which is a con- 
sistent, true biliary antispasmodic in the sense of relaxing these three 
structures. 

As for drugs which will effect relaxation of the gallbladder wall, many 
workers (Ivy and Rergh,’'^ Ivy and Oldbergh,’i Johnston and Brown,i- 
Lieb and McWhorter,^"' and Lueth, Ivy and Kloster^') believe from their 
experiments and experience that atropine is effective. In a recent article, 
Kozoll and Necheles^* stated they could not confirm the relaxing effect of 
atropine with small amounts, but they did see a decreased tonus rhythm. 
The musculature of the cystic duct probably relaxes with the gallbladder 
musculature. Trasentin seems to have a relaxing effect on the gallbladder 
similar to that of atropine. Lieb and McWhorter, in 1915, came to the con- 
clusion that the nitrites relaxed the isolated gallbladder musculature. They 
felt that morphine had no significant effect upon this structure, and the 
same opinion is held by other authors. 

In analyzing the sphincter mechanism of the lower end of the common 
duct, we must consider a group of separate circular fibers and also the duo- 
denal musculature. Schwegler and Boyden,^® after describing the com- 
ponents of the sphincter of Oddi in great detail, state that its most important 
segment is a sheath of annular fibers enclosing the preampullary portion of 
the bile duct and that the muscle is so well developed and strategically placed 
as to be capable of stopping the flow of bile into the duodenum independently 
of the intestinal muscle. Any drug such as morphine, by producing increased 
tone of the duodenal musculature through which the lower end of the common 
duct transverses, may, in itself, be capable of blocking the lower end of the 
common duct, thus giving rise to increased intraductal pressure and pain. 
However, Boyden and Bergh, after anatomic studies of the musculature of 
the lower end of the common duct and duodenum, state that they would not 
expect the duodenal portion to play an important part in regulating the flow 
of bile in man. If this is true, one must deduce that morphine acts directly 
on the cholecluctal muscle fibers similarly to its action on the duodenal mus- 
culature. If this is true, then we must also consider the effect of the anti- 
spasmodics in the same light. Again, we must not lose sight of the possi- 
bility of some coordinating mechanism between these two muscular groups. 

Since, at present, we have no completely satisfactory antispasmodic for 
the biliary tract as a whole, the drugs wdiich are now used should be properly 
applied. Atropine, the most commonly used antispasmodic, does not in itself 
consistently relax all biliary musculature and relieve pain. By its paralyzing 
action on the parasympathetic nerve endings, the sympathetics (splanchnics) 
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which serve to relax the gallbladder arc brought into play, hut possibly by 
the law of contrary innervation, atropine may serve to contract the sphincter 
mechanism. It is believed that stimulation of the parasympathetics results 
in contraction of the gallbladder and relaxation of the sphincter. Ivy^ be- 
lieved from his observations that atropine relaxed the sphincter mechanism 
in man. In 1938. one of us (R. R. B.') reported that atropine did at times 
have a relaxing effect on the choledochal sphincter as far as symptoms and 
cholangiographic studies could he interpreted. Bergh^ reported, in 1941. 
that atropine had no consistent effect on the choledochal sphincter mechanism 
in ten patients. This statement certainly corroborates our experience. In 
other words, there is evidence of choledochal sphincter relaxation by atropine 
in some cases, while in others there appears to be no relaxing effect. 

The phrase “a relaxing agent” may not he exact terminology as a drug 
which would only raise the irritability threshold might result in an effect 
consistent with the assumption that the muscular fibers were not as con- 
tracted or spastic as before administration of the drug. Doubilet and 
Colp,*^ following a group of interesting ex])eriments, are definitely of the 
opinion that atropine does diminish the irritability of the common duct 
sphincter, although the resistance of the sphincter remains within the 
normal range. These experiments also prove quite conclusively that when 
hydrochloric acid reaches the duodenum in man, it increases the muscle 
tone of the sphincter of Oddi, This may he a factor in the inconsistency of 
the reports on the action of drugs in biliary tract conditions. It is interesting 
to note how frequently patients suffering from biliary tract disease state 
that sodium bicarbonate temporarily relieves milder attacks of biliary dis- 
comfort. This probably can be explained on the basis of neutralization of 
the acids in stomach contents before they reach the duodenum. A high 
acid level in the duodenum doubtless would interfere with the effect of the 
relaxing agent on the sphincter mechanism. Bergh and Layne,- in a 
recent article, further substantiate the inconsistent effect of drugs upon the 
sphincter of Oddi by showing that the commonly used magnesium sulphate 
produced sphincter relaxation in 33 out of 42 patients. Why it did not affect 
the other nine, is difficult to explain in the individual cases. 

With this confusion of evidence on the effects of various antispasmodics. • 
we endeavored to carry out a series of experiments in such a way that some 
routine method might he derived to relieve biliary colic both when the gall- 
bladder is intact and when it has been removed. This was worked out on 
the assumption that most authors agree that atropine in most instances 
either relaxes the gallbladder and cystic duct area or raises the threshold 
of irritability and if the inflammator}^ and pathologic changes in the gall- 
bladder or cystic duct wall are not too pronounced, some decrease in intra- 
gallbladder pressure will follow, or the relaxation of the cystic duct area 
will permit gallbladder contents to empty into the common duct. However, 
if there is also increased pressure in the common duct. and hepatic ducts, 
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satisfactory relief from tlie distress cannot be expected until this pressure 
has been decreased by permitting egress of the common duct contents into 
the duodenum. If the gallbladder has previously been removed, relief cannot 
be expected until pressure within the common duct has diminished. The 
following groups of experiments were made on eight patients who had had 
jrevious cholecystectomy and choledochostomy with a T-tube placed in the 
common duct. Delayed cholangiograms taken about eight to ten days fol- 
lowing operation showed a patent common duct in each case. 



Chart i. — The columns represent the relative heights of the average pressure 
levels with the various drugs. In this group, morphine was given first and then the 
effects of the antispasmodics were recorded with their relative decreases in intra- 
ductal pressure. 


METHODS OF INVESTIGATION 

A water manometer was connected to the T-tube as described in previous 
experiments.'’ Briefly, the water manometer was adjusted to the estimated 
level of the common duct, and after filling the entire system with sterile 
normal saline solution from a bottle which acted as a reservoir, the normal 
or usual intraductal pressure of that individual was recorded in terms of 
millimeters of water. Readings wei'e always taken every five minutes for 
at least 30 minutes. No doubt pressures vary from day to day in the indi- 
vidual patients, depending somewhat on their nervous state, fear, worry 
and exhaustion, the degree of stomach acidity, the amount, chemistry and 
physical properties (roughage) of their food, and upon unknown factors. 
On more than one occasion we have seen an increase in intraductal pressure 
secondary to spasm of the sphincter of Oddi caused by some rough food, 
such as a vegetable salad striking the gastroduodenal wall. In some such 
instances, the patient would have severe colicky pain. We believe a smooth 
diet is more frequently indicated in the management of biliary tract disease. 

Three groups of readings were taken on each patient, after the effects 
of Rj grain of morphine on the intraductal pressure were studied. In each 
case the morphine caused an increase of the intraductal pressure varying 
between 10 and 280 mm. of water. In the first group, morphine was 
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given first (Chart i), and -within a 15- to 30-minute period, tlie effect of 
injecting either atropine, nitroglycerin or depropanex on the increased 
pressure, was recorded. Atropine in %oo grain doses subcutaneously did 
not cause the intraductal pressure to fall back to its original level in any 
case, but in five instances it did appear to halt the increasing intraductal 
pressure at the level where it was when the atropine was injected, or at 
least to prevent the pressure from ascending to the height it usually reached 
in that particular case following injection of morphine. With nitrogl3'-cerin 
(Vioo grain under the tongue), five of the eight patients revealed a drojD 
in the intraductal pressure vaiying from only 20 mm. of water to a marked 



Chart. 2 , — The columns represent the relative heights of the average pressure 
levels with the various drugs. In this group, the rela.ving agent was given first, fol- 
lowed by an injection of morphine. As compared with Chart i, there appears to be 
a definite advantage in preceding the morphine injection with the antispasmodic since 
the relative pressure levels are not so high as when the morphine was given first, 

decrease of pressure. This decrease lasted varying lengths of time. In 
the other three cases, the nitroglycerin had a minimal effect on the increase 
of pressure brought on b}" the stimulation of the smooth muscle b}'- morphine. 
Depropanex is a fraction of a deproteinated pancreatic extract .derived from 
beef pancreas and was administered intramuscularly in doses of three cubic 
centimeters. Some investigators have found it to decrease the claudication 
time in certain cases of arteriosclerotic disease of the vessels of the lower 
extremity. Carroll and Zingdale' reported, in 1938, that this extract pro- 
duced relaxation of the ureters and was of definite value in cases of renal 
colic due to stone and in postcystoscopic colic of the ureters. In the group of 
eight patients studied, depropanex reduced the pressure only in two instances, 
and this decrease was very minimal. 

In the second group of experiments, the 'method was reversed, the anti- 
spasmodic being given first, followed in about 15 minutes by an injection of 
morphine (Chart 2). Immediately following the injection of atropine, four 
of eight cases revealed a definite drop in the intraductal pressure as com- 
pared with the control readings for that patient. In all eight cases, the 
intraductal pressure rose following the injection of morphine, in one case 
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increasing as much as 120 mm. of water. In the majority of cases, however 
Uie rise was only some 10 to 30 mm. of water. As one compares the curves 
m this group with those in the first series, it would seem better technic 
to piecede the injection of morphine witli atropine rather than give morphine 
followed by atropine. \\^ith nitroglycerin, there was a moderate to marked 
drop of the intraductal pressure in six out of eight cases. In the other two 
cases there was no drop in pressure. Then when morphine was injected, 
an inciease lesulted in four of the eight ca.ses. As with atropine, it would 
appear to he more efficacious to precede the injection of morphine with 
nitroglycerin rather than vice versa. As for depropanex, three of the eight 
cases revealed a reduction in the intraductal pressure as compared with the 



Chart 3. — The columns represent the relative heights of the average pressure 
levels with the various drugs. In this group, morphine and the antispasmodic were 
given at the same time. The relative heights of the pressure levels about parallel 
those of Chart 2, indicating there is no advantage in preceding the morphine with an 
antispasmodic as compared to giving the morphine and antispasmodic at the same time. 
However, there appears to be a definite advantage in giving the morphine and aiui- 
spasmodic at the sauie time rather than giving morphine first and following it with 
an antispasmodic. 


control for that individual. In one instance, this was very slight. As com- 
pared with atropine, it was not as efficient, but possibly slightly more pro- 
longed in its action where its antispasmodic properties functioned. In two 
cases, there was even a slight increase in the intraductal pressure. When 
morphine followed the injection of depropanex. there was a definite rise 
in the intraductal pressure in all instances. 

In the third group of experiments, the morphine and antisiia.smodics were 
given at the same time (Chart 3), and the intraductal pressure readings were 
compared with those in the previous groups. When morphine and atropine 
were given together, two of the cases showed a slight drop in the intraductal 
pressure, two showed only a minimal rise of 5 to 15 mm., and in the remain- 
ing four cases, the pressure rose 15 mm. or more. However, as a group, 
the curve of increased pressure was definitely less than when atropine was 
ffiven following the injection of morphine, and about the .same as when 
atropine was given preceding the morphine. With nitroglycerin placed under 

212 




TREATMENT OF BILIARY COLIC 


Volume 117 
Number 2 

the tongue at the same time as the hypodermic of morphine was given, three 
cases revealed a drop in intraductal pressure and in three there was a maximal 
rise of 5 to 15 mm. In the other two cases there was a rise of 15 mm. or 
more and as a group the curve of increasing pressure was far less than 
where the morphine was given first and followed by nitroglycerin. As com- 
pared with the experiments when nitroglycerin was first placed under the 
tongue and then followed by an injection of morphine, there seemed to be 
no advantage in prescribing it the latter way. As compared with the mor- 
phine-atropine combination, the curves were definitely in favor of the mor- 
phine-nitroglycerin combination . 

In only two cases were readings taken of injecting morphine and depro- 
panex at the same time. In both instances the depropanex did not seem to 
retard the increasing pressure set up by the morphine. 

The drug trasentin was used in 50 mg. doses subcutaneously in three 
• cases. The morphine and trasentin were given at the same time, and al- 
though in no case was there a drop in the intraductal pressure, the rise in 
pressure was minimal in two cases and moderate in one. It seems to act 
similarly to atropine. 

SU.MM.\KY AND CONCLUSION'S 

For a patient who has the sevei'e pain that accompanies biliary colic, 
morphine is definitely indicated for relief. The mechanism of this relief 
is the blocking effect upon the higher nerve centers but at the same time 
there is usually aggravation of the increasing jiressure within the biliary 
tract which has effected the onset of pain. An antispasmodic drug whicli^ 
would consistently relax the gallbladder wall, the cystic duct region, and the 
sphincter area at the lower end of the common duct would not only hasten 
and prolong the relief in such cases but might also prevent further extension 
of the pathologic process by permitting free drainage of the biliary tract. 
In patients with an intact gallbladder, this biliary pain is most frequently 
due to increasing pressure within the gallbladder. There seems to be suf- 
ficient experimental and clinical evidence that atropine has a relaxing effect 
on the gallbladder wall and cystic duct or at least increases the threshold 
of irritability, and atropine should be given in conjunction with morphine. 
With a pathologic gallbladder, one cannot ascertain the status of the chole- 
dochal sphincter area. It may or may not be in a spastic state, causing 
increased pressure in the biliary ducts which would also contribute to the 
pain. Atropine could be indicated as there is experimental evidence that 
although this drug is inconsistent in its effect on the sphincter mechanism 
at the lower end of the common duct, at times it definitely relaxes the sphincter 
area or at least raises its threshold of irritability. Since this spastic state of the 
choledochal sphincter may be contributing to pain accompanying the gall- 
bladder colic, and if the morphine-atropine comliination has not given relief, 
morphine by hypo and nitroglycerin by mouth should then be tried 30 minutes 
to a few hours later because of the more marked relaxing effect of the nitro- 
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glycerin on the sphincter area. In any event, either atropine or nitroglycerin 
should be given with morphine to help counteract the tone or spasm stimulat- 
ing effect of the morphine on intrabiliary pressure. (Chart l). 

In patients who have had a previous cholecystectomy, our experimental 
evidence and clinical experience suggests that the morphine and nitroglycerin 
combination should first be tried for biliary colic and if it does not afford 
relief, one should try a morphine-atropine injection on the assumption that 
in experiments, nitroglycerin could not always be depended upon to relax the 
sphincter area and that atropine does at times have a relaxing effect or 
tendency to increase the threshold of irritability of the choledochal sphinc- 
ter area. 

A good working rule would seem to be to try the morphine-atropine com- 
bination first in those individuals with an intact gallbladder and then alternate 
the atropine Avith nitroglycerin every four hours. Morphine should be used 
on the four-hour intervals only as needed. This may be continued over , 
several days, with the hope that between the two different acting relaxing 
agents the gallbladder and cystic duct area would be sufficiently relaxed to 
permit egress of thick bile from the gallbladder into the common duct and 
then, in turn, the sphincter of Oddi be sufficiently relaxed to permit bile 
to pass into the duodenum. 

In those cases where the gallbladder has been removed, the morphine- 
nitroglycerin combination is most apt to give relief as there is greater selec- 
tivity of nitroglycerin for relaxing the sphincter muscles than of atropine. 
The nitroglycerin is then alternated with atropine every four hours for several 
days and with the addition of morphine as necessary. 

More frequently than not, when we are dealing with an individual with 
biliary colic and an intact gallbladder, the gallbladder obstructiA'^e phenomenon 
is mostly at fault, Avhile in cases Avhere the gallbladder has been removed, 
the sphincter mechanism is known to be the spastic obstructive agent. 

In our experiments, depropanex was not found to be as efficient as 
either atropine or nitroglycerin in the management of biliary colic. 

Trasentin seems to have qualities similar to atropine, but probably is not 
as reliable, yet it is a drug Avhich may be used to advantage in some cases 
of biliary colic. 
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MULTILOCULAR SEROUS CTSTS OF THE ROUND IJGAMENT 
SIMULATING INCARCERATED HERNIAE 

REPORT OF THREE CASES 

Daa’id Kershner, M.D., and Alfred L. Shapiro. M.D. 
Brooklyx, N. Y. 

FROM THE SURGICAL SERVICE, BETH-EL HOSPITAL, BROOKLYN, N. Y. 


A GENUINE PRIMARY CYST of the rouiicl ligament is a rare lesion, which, 
when it occurs, can veiy readily be mistaken for an inguinal or femoral hernia. 
Careful perusal of standard textbooks in pathology, gynecology, and surgery, 
fails to reveal any mention of this condition. Since developmentally the 
round ligaments are derived from the caudal portions of the mesenteries of 
the mesonephros, and are homologous with the gubernaculum testes in the 
male,’^ cystic structures in this area may represent persistent embryologic 
rudiments. From their location it is readily understandable that they be mis- 
taken for incarcerated inguinal or femoral herniae, with which they may be 
associated. 

The literature is replete with reports of solid tumors, leiomyoma, adeno- 
myoma, lipoma, endometrioma, sarcoma, and cystic degeneration of solid 
tumors in this area. Mayo- recently reported 1 1 cases of leiomyoma of the 
round ligament, and gave an excellent review of the literature. Hygroma 
or cystic lymphangioma ma}^ occur in the groin. Watson^ collected 250 
such case reports of hygroma, and states that several occurred in the groin, 
without giving the actual number. These tumors are usually congenital, are 
seen shortly after birth, and grow very rapidly. They are multiloculated, 
thin-walled compressible cysts containing serous fluid, lined by endothelium, 
in contradistinction to true epithelial cysts lined by columnar or cuboidal 
epithelium. 

Endometrial cysts of this region are infrequent, but not of great rarity. 
Kaulick and Gomori.-* in 1934, collected 3,000 cases of endometrial cysts. Of 
these, 60 were in the inguinal area. They added a sixty-first case, a female, 
age 37, with an endometrial cyst in the labium majus which the}^ mistook 
for metastatic carcinoma. Beck,’’ Fleming,” and Dickinson,' have all re- 
cently published single case reports of endometriosis of the round ligament. 
These cysts, often misdiagnosed as inguinal hernia, become swollen and 
tender during menstruation, conforming to the general liehavior of endome- 
triomata. Sampson® called attention to the possibility of endometrial im- 
plants being carried into the groin by a hernial sac. 

We have been able to find only nine case reports in the literature, four 
of which were histologically verified as true priifiary serous epithelial cysts 
of the round ligament. Coulson,®, in 1859. reported a case grossly similar, 
but without microscopic description. In 1896, as quoted by Cullen,^” 
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Aschenheim described a similar instance of a walnut-sized cyst in the 
inguinal area attached to the uterine ligamentum rotundum, which contained 
a clear fluid. Here, too, the descriptive histopathology is lacking. 

Martin,^^ in 1937, presented the case of a female, age 43, with a myo- 
matous uterus and a mass in the right groin which was thought to be an 
inguinal hernia. He performed a supracervical hysterectomy and removed 
a cystic swelling, the size of a small tangerine, from the extraperitoneal 
portion of the round ligament at the abdominal ring. On examination, this 
proved to be a thin-walled cyst lined by low cuboidal epithelium. Schnedorf 
and Orr^- report two similar cysts, both associated with indirect inguinal 
herniae, having single cavities lined by cuboidal epithelium with overlying 
loose hyaline and fibrous connective tissue. Taussig,’"’ in a review of 53 
cases of tumors of the round ligament, mentions three cysts, without stating 
further descriptive criteria. BenchmioF’* provides the most recent report 
of a cystic tumor of the round ligament lined by a single layer of cuboidal 
epithelium, surrounded by connective tissue, and containing occasional elastic 
fibers. 

CASE KEPORTS 

Case I. — Mrs, A. C., age 24, first seen June 16, 1937, complaining of a painful 
mass which had appeared suddenly in her right groin. Examination revealed a tender, 
firm, smooth swelling, 3 cm. in diameter, in the region of the right fossa ovalis. Cough 
elicited pain but no expansile impulse. The mass was opaque on transillumination. Be- 
cause of coincident epidermophytosis, with interdigital fissuring, the initial diagnosis was 
acute adenitis, and conservative treatment was instituted. The patient was seen again 
September iS, 1937, The mass was larger and more painful at that time, but she 
stated that, in the interim, it had become small and had disappeared, but reappeared 
on straining and coughing. It disappeared again on direct pressure. Examination 
revealed a tender swelling, 6 cm. in diameter, situated just above the fossa ovalis, 
fixed to the deep structures and not freely movable. The overlying skin was reddened, 
but could be moved over it. The mass was irreducible, but on coughing there appeared 
to be a distinct expansile impulse. There was no vomiting and no evidence of intestinal 
obstruction. Temperature was 99-4° F. ; other physical and laboratory findings were 
well within average limits, and irrelevant. Preoperative Diag)tosis: Incarcerated femoral 
hernia. 

Operative Pathology . — The subcutaneous inguinal ring was enlarged and distorted. 
The round ligament was unusuallj" thick and muscular. This came through the ring as 
a cord, and spread out fan-wise into a cystic swelling, about 5x5x4 an., irregular, 
nodular, tense, and bluish. The ej’^st was freed from the underbdng structures. The 
external oblique aponeurosis was incised and the round ligament was traced back to the 
abdominal ring. There was no evidence of a hernial sac. The peritoneum was opened 
and the thick muscular round ligament Avas traced to its uterine attachment. There 
were no other cysts, and both tube and ovary were normal. The peritoneum was 
closed, the cyst and distal ends of the round ligament Avere excised, and the cut end 
Avas tacked to the undersurface of the external oblique and to the base of the inguinal 
ligament The inguinal canal Avas reconstructed. 

Pathologic E.vamination. — Gross: The specimen consists of a spherical mass 1.5 
cm. in diameter Avith a stem 2 cm. long. The latter is a cord of loose fibrous tissue 1.5 
cm. m diameter. The mass is cystic, and on section is multilocular, containing turbid, 
thin broAvn fluid. The Avail is 1—2 mm. thick The partitions are firm fibrous tissue. 
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The Jining is irregularly finely nodular. Microscopical : the cyst lining is made ud 
of a single layer of flattened cells, at times irregularly cuboidal, or of several layers of 
cuboidal cells. The wall is well vascularized loose fibrous tissue in which run consider- 
able smooth muscle and a few strands of striated muscle. 



Kig. I. — C;ise 2 : I’liotomicrograiih shorving a iimitilocular serous cyst of the 
round ligament. 


Case 2. — Mrs. R. E., age 29, first seen June i, 1938 (service of Dr. N. Reibstein), 
complaining of pain and a progressive!}'" growing mass in the right groin of five months’ 
duration. Pain was intensified on walking. Physical examination revealed a soft, 
irreducible egg-sized mass in the right groin, with a slight transmitted cough impulse. 
Preoperative Diogosis: Endometrial Cyst of the round ligament, although no accom- 



I'lG. 2 . — Case 2: Photomicrograph showing a multilocular serous 
cyst of the round ligament. 
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large somewhat fragmented nucleus and amphophilic cytoplasm arc seen to line the cyst in 
areas. The remainder of the wall is comprised of loose areolar tissue with bundles of 
smooth muscle fibers infiltrated in scattered fashion by occasional lymphocytes and 
plasma cells. 

SUMMARY 

Three cases of nonendometrial multilocular serous cyst of the round liga- 
ment simulating incarcerated herniae are reported. 
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ACUTE APPENDICITIS DURING THE LATER DECADES OF LIFE: 
SOME REmRKS ON THE INCIDENCE OF THE DISEASE 

IN A RURAL AREA 

John H. Poweus, M.D.* 

COOI'KUSTOW'K, N. Y. 

I’KOM THF DIJPARIMHNT OK SUROKUY, MARY IMOGKN'I! IIASSKTT HOSPITAL, COOPKRSTOWN, NEW YORK, N. Y. 

iNFLAi^rMATORY niSEASi=; of the vermiform appendix presents to the med- 
ical profession a constant challenge in diagnosis and management,, constant 
because of its frequency, a challenge because of the severity and fatality of 
its complications and sequelae. Statistics from numerous sources show 
little or no reduction in mortality over a period of maii)'^ years prior to 
the use of sulfonamides. Furthermore, in spite of modern surgical technic, 
recent imjjrovcments in anesthesia, and a more comprehensive knowledge 
of the essentials of preliminary and postoperative care, acute appendicitis, 
particularly during the later decades of life, still remains an exceedingly 
.serious and often fatal disease. 

It, therefore, seems ajDpropriate to present for analysis and consideration 
the data on 40 patients, fifty or more years of age, with acute appendicitis 
and its complications, to compare these observations with similar data on 228 
patients less than fifty years of age. and to draw therefrom certain deduc- 
tions relative to the symptomatology, clinical course, management, and cause 
of death in the older group compared with the younger. All the patients 
have been treated at the Mary Imogene Bassett Hospital during the years 
1931-1940, inclusive, 

INCIDENCE OF APPENDICITIS AND ITS COMPLICATIONS 

The age-composition of the population in any given community or dis- 
trict determines the morbidity and specific mortality of that locality. Otsego 
County, in which the Mary Imogene Bassett Hospital is located, is distinctly 
rural territory and is composed of an aging population. According to the 
census of 1930 the County with 16.5 per cent of its inhabitants over sixty 
years of age, “has already reached and probably passed the level at which, 
in the process of aging, the State as a whole would arrive one generation 
lienee’’' This fact exerts a profound influence on morbidity in Otsego County 
and is reflected in the age-incidence of acute appendicitis at the Bassett 
Hospital. For the purpose of comparing the incidence of the disease ac- 
cording to decades of life in this medium-sized rural institution with its 
incidence in two large meti'opolitan clinics, the age-distribution of the patients 
at the Bassett Hospital has been charted against similar data reported by 
Walker,- from the Boston City Hospital, and by Ray,'”’ from the New York 
Hospital ( Chart i ) . After reaching a peak during the second or third decade 
of life'* each curve falls abruptly to the fifth decade. ' Thereafter the curves 
diverge ; those representing the urban cases continue to decline while that 
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illustrating the distribution of the rural cases remains fairly constant until 
tiie eightlYlecade. Expressed numerically only 3.3 per cent of the patients 
m V\ alker s series and also 3.3 per cent in the group reported by Ray were 
over fifty years of age, whereas, 14.9 per cent of the patients treated at 
the Bassett Hospital had passed the fifth decade of life. This fact is of 
significance in discussing the mortality of appendicitis at the latter institu- 



Ciiart I. — Incidence of acute appendicitis according to decades of life 
at one rural and two metropolitan hospitals. 

tion and also in considering the morbidity of its complications. In older 
people the diagnosis of acute appendicitis is often difficult, delayed, and even 
unsuspected, the complications are frequent and devastating, and the mor- 
talit)^ is high. 

For the purpose of this study the classification of appendicitis suggested 
in the Standard Classified Nomenclature of Disease'^ has been elaborated 
somewhat in order to insure accuracy in the segregation of cases according 
to the extent and degree of pathology present. Except a few instances in 
which an obvious appendiceal abscess was drained and the appendix not 
removed, no case has been included in which the diagnosis of acute appendi- 
citis was not confirmed by histologic examination of the specimen. No case 
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Table I 

ILl.USTRAllNG THE HIGHER I'ROI’ORl ION OF OLDER PATIENTS AMONG THE TOTAL NUMBER WITH ADVANCED 
APPENDICnlS AND ITS COMPLICATIONS THAN AMONG THOSE WITHOUT PERFORATION 


AGE-DISTRIBUTION OF PATIENTS ACCORDING TO SEVERITY OF DISEASE 


Type of Disease Total Patients 

Acute appendicitis Ill 

Ac. ap.. with gangrene 53 

.■\c. ap.. witli local peritonitis 11 

.•\c. ap.. with perforation and local peritonitis 35 

.•\o. ap.. with perforation and general peritonitis 25 

.•\c. ap.. with abscess 33 


Per Cent Over 
50 Years of Age 
5.4 

11.3 
9.1 

25.7 

32.0 

30.3 


Total 268 

has been classified as “acute appendicitis with perforation" unless the record 
contained a definite statement h}’ the surgeon or the pathologist that a per- 
foration existed. No case of peritonitis has been so called unless the 
lieritoneal exudate or pus yielded a positive culture. No patient has been 
included in the group “acute appendicitis with perforation and general peri- 
tonitis” unless the abdominal wall was spastic throughout, the peritoneal 
infection generalized, according to the opinion of the operating surgeon, and 
the culture positive, d'he term “abscess” has been utilized to embrace only 
those cases in which the history of the illness was long and the collection 
of pus well localized. 

In this series of cases the proportion of middle-aged and elderly people 
to the total number of patients with simple acute appendicitis, .appendicitis 
with gangrene, or local peritonitis without perforation, ranged from 5.4 to 
1 1.3 per cent. The ratio of older patients to the total number with the 
more advanced and serious complications of appendicitis, perforation with 
peritonitis, and abscess, was much higher (25.7 to 32.0 per cent) (Table I). 


Table II 

II.I.USTUATING THE HIGHER INCIDENCE OF PERFORATION WITH PERITONITIS AND ABSCESS AMONG PATIENTS 

IN THE L.ATER DECADES OF LIFE 

INCIDENCE OF COMPLIC.ATIONS AMONG YOUNG AND ELDERLY PATIENTS 

Under 50 Over 50 


Type of Disease 

No. 

Per Cent 

No. 

Per Cent 

Acute appendicitis 

105 

46.5 

6 

15.0 

Ac. ap., with gangrene 

47 

20.6 

6 

15.0 

.^c. ap., with local peritonitis 

10 

4.3 

1 

2.5 

Ac. ap., with perforation and local peritonitis 

24 

10.5 

9 

22.5 

Ac. ap., with perforation and general peritonitis 

19 

8.3 

8 

20.0 

.Ac. ap.. with abscess 

23 

10.0 

10 

25.0 

Total 

228 

100.2 

40 

100.0 


In fact, the incidence of perforation among these 40 patients who were fifty 
or more years of age was 67.5 per cent; among the 228 patients in the 
younger group the incidence was only 28.8 per cent (Table II). The 
serious significance of this marked variation in the frequency of perforation 
in these two groups is obvious, and suggests that early gangrene and dissemi- 
nation of infection to the peritoneal cavity are much more frequent when 
appendicitis occurs after the fifth decade of life than they are prior to 
this age. 
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Fuitheinioic, middle-aged and elderl}' people are less prone to tolerate 
operative procedures well, and are more susceptible to the hazards of anes- 
thesia, pulmonary complications, and cardiovascular accidents, all of which 
must be ci edited against appendicitis when a fatality occurs. 

DURATION OF DISEASE FROM ONSET TO ADMISSION 
1 he reason for the high incidence of perforation with peritonitis or ab- 
scess among elderly jiatients has been ascribed by various authors'*’ ® to 
delay in seeking medical attention because of frequent previous attacks of 
“dyspepsia,” decreased “sensibility to abdominal pain," the use of some 
favorite “home remedy,” diagnostic difficulties due to the atypical nature 
of the disease, the dislike of elderly people to accept advice, the “inclina- 
tion to believe that old age places them beyond the hope of surgery,” and 
various other theoretic conceptions. 

Table III 

II.H'STRATISr. THE AVERAGE DURATION OE APPENDICITIS AND ITS COMPLICATIONS AMO.NG THE YOUNG 
AND OLD PATIENTS KROM ONSET OF FIRST SY.MPTOM TO HOSPITALIZATION 
CASES ACCORDI.NG TO AGE OF PATIENTS, TYPE. AND DURATION OF DISEASE FROM ONSET TO AD.MISSION 

Under 50 Over SO 



Number 

Average 

Number 

.Average 


of 

Length of 

of 

Length of 

Type of Disease 

Patients 

Illness 

Patients 

Illness 

Acute appendicitis 

. . 104* 

33.6 hrs. 

5* 

31.6 hrs. 

Ac. ap., with gangrene 

47 

26.4 hrs. 

6 

26.8 hrs. 

Ac. ap., with local peritonitis 

10 

46.4 hrs. 

1 

22.0 hrs. 

Ac. ap., with perforation and local peritonitis 

26 

49.6 hrs. 

9 

39.7 hrs. 

Ac. ap., with perforation and general peritonitis. . . 

17 

49.4 hrs. 

8 

45.6 hrs. 

Ac. ap., with abscess 

23 

4 . 7 days 

10 

9.2 days 


One patient excluded because duration of illness was not known. 

Actually, no such delay did occur among the 40 patients over fifty 
years of age in this series. By ascertaining the average duration of illness 
from onset of the first symptom of appendicitis to arrival of the patient at 
the Hospital (Table III) it is apparent that, with the exception of the 
group “acute appendicitis with abscess,” the average length of time from 
onset of acute appendicitis to hospitalization was 36.6 hours for the patients 
fifty years of age or older, and 36.0 hours for the j^atients under fifty. In 
view of the higher comiiarative incidence of advanced disease among the 
older group, (Chart 2), it is apparent that appendicitis progresses not more 
slowly in elderly patients, as suggested by Boyce,” and LewiiT” but actually 
with equal rapidity. An explanation for the increased duration of illness 
in the older individuals with well developed appendiceal abscesses is not 
apparent. 

One might suspect that some delay in hospitalization would be incurred 
by both old and young patients in country towns and farming districts 
because of the inconveniences of rural life, delay in obtaining a doctor, 
bad roads, inclement weather, and difficulties of transportation. For the 
purpose of comparison it is interesting to refer again to the statistics pub- 
lished by Walker,- and Ray.” In Chart 3 the average duration of illness, 
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in days, for the 268 patients in both young and old groups at the Bassett 
Hospital has been plotted against the same data obtained from the cases of 
acute appendicitis at the Boston City and New York Hospitals. It is inter- 
esting to learn that the percentage of patients reaching the Bassett Hospital 
during the first two days of illness was perceptibly higher than the propor- 



C'nART 2. — Graphic illustration of the higher incidence of 
uncomplicated appendicitis during the second and third decades of 
life and the greater comparative frequency of perforation with 
peritonitis and abscess after the fourth decade. 

tion of those arriving at the New York Hospital, and much higher than those 
reaching the Boston City Hospital during the same period of time, a fact 
highly complimentary to the diligence and skill of the medical practitioners 
in the towns, villages, and rural sections of Otsego and adjacent Counties. 

CLINICAL FEATURES OF ACUTE APPENDICITIS IN ELDERLY PATIENTS 

Much has been written about the atypical nature of acute appendicitis 
in elderly patients."’ Maes^" believes that “an acute attack is nearly 

always preceded by a story of digestive distress over a long period of time.’ 
Maes and McFetridge^^ go so far as to state that “any sort of symptom 
and any sort of circumstance can initiate appendicitis, and the disease, par- 
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ticularly in late adult life, can take any form at all.” Obviously this state- 
ment is too broad for general acceptance. It is true, however, that the onset 
of appendicitis after the fifth decade of life frequently does not assume the 
classical triad of pain in the epigastrium followed by nausea and vomiting, 
with later radiation to and localization of pain in the right lower abdominal 
quadrant. Among those patients at the Bassett Hospital who were fifty 
or more years of age the first symptom of appendicitis was most commonly 
pain across the lower abdomen. Among the younger individuals pain in 
the epigastrium was usually the initial symptom, with pain in the right 



Chart 3. — Graphic repre.sentation of the duration of appendicitis ainoiiR 
patients at one rural and two metropolitan hospitals. 

lower quadrant next in order of frequency. Furthermore, among those 
patients who had passed the fifth decade of life the pain showed somewhat 
less tendency to localize in the right side. Otherwise there was no great 
dissimilarity between the two groups. The bizarre initial symptoms among 
middle-aged and elderly people which have been reported by other observers 
were entirely absent in this series. Also there was no prodromal period 
of “digestive distress,” considered by Maes to be so common. 

The records were frequently deficient in regard to definite historical data 
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vomiting, nausea and vomiting, or diarrhea in the two groups. It is inter- 
. esting that 5.3 per cent of the younger patients and 7.5 per cent of the 
older had no gastro-intestinal disturbance of au}^ sort. 

Shaking chills were twice as common among the older patients, 15 per 
cent as compared with 7.9 per cent among the younger. Chilly sensations 
occurred with about equal frequency among the two groups. 

In view of the higher incidence of generalized j^eritonitis among the 
older patients, tenderness and spasm throughout the entire abdomen were 
more frequent in this group ; signs of localized intraperitoneal infection were 
more common among the younger patients. Statements regarding the pre.s- 
ence or absence of spasm were occasionally at variance with one another. 


ACUTE APPENDICITIS M.l. B.H. 


range of pulse on admission 


RATE PER 

50 - 

60 - 

70 - 

80 - 

90 - 

100- 

110- 

1 20 - 

130- 

140- 

150- 

1 60- 

MINUTE 

59 

69 

79 

89 

99 

109 

r 1 9 

129 

139 

149 

159 

1 6 9 



Chart S. — Graphic illustration of the range of initial pulse rates among the young ami 
old patients. 


When any difference of opinion obtained, the statement of the older of 
one or more examiners was accepted as the more or most dependable. It 
is frequently difficult to distinguish between voluntary and involuntary 
rigidity of the abdominal wall, and it is also conceivable that the existence 
or degree of involuntary spasm may vary from time to time. Considering 
all these facts as possible sources of error it is, nevertheless, interesting that 
involuntary abdominal spasm was absent in approximately one-third of the 
patients in each group. 

Abdominal distention was found by Wood® in 55 per cent of 43 patients 
over sixty years of age with acute appendicitis and has been mentioned by 
other authors,^- in addition to those previously cited. It is stated by some 
that distention may be so marked that primary intestinal obstruction due to 
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neoplasm, or other cause, may be suspected.^® Among the 40 patients in this 
series who were fifty or more years of age, abdominal distention was present 
only as a concomitant of peritonitis. 

In brief, although acute appendicitis after the fifth decade of life may 
occasionally be atypical, the clinical features of the usual attack resemble 
rather closely those which occur earlier in life and should enable a correct 
diagnosis to be made in the majority of cases without undue delay. 

CLINICAL PATHOLOGY 

Data relative to the initial temperature, pulse rates, and leukocytic counts 
among the middle-aged and elderl}'- patients compared with those in the 
younger group are presented graphically in Charts 4, 5, and 6. In brief, 
initial temperatures between 99° F. and 100.9° F- were more common among 



the younger patients; temperatures between 101° F. and 101.9° F. were 
more frequent among the individuals in the older group. In no patient 
over fifty years of age was the pulse rate more than 129, nor the leukocytic 
count above 24,000. The widest variations in both were noted among the 
younger patients, in some of whom the pulse rate was more than 160 and 
the leukocytic count above 45,000. 
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OPERATIVE AND PATHOLOGIC DATA 

Forty-one per cent of the patients under fifty years of age were operated 
upon during the first two hours after admission to the Hospital, whereas 
only 22.5 per cent of the older patients were similarly treated during the 
same interval of time. In this, series of cases appendicectomy with drainage 
was performed in 55.5 per cent of the individuals in the older group and 33.3 
per cent of the younger. Drainage alone was instituted in 20 per cent 
of the former and 5.3 per cent of the latter. The incidence of appendicectomy 
with drainage for both old and young was 36.5 per cent; of drainage alone, 
7.4 per cent. Drains were not employed solely because of gangrene of the 
appendix, clear peritoneal fluid, or turbid exudate without odor. 

Except in the presence of frank pus, silk was used routinely for removal 
of the appendix and closure of the abdomen. 

The presence or absence, and type, of peritoneal fluid, exudate, or pus 
in these two groups of cases are shown in Table IV. It is significant and 


Table IV 

INDICATING THE PRESENCE, OR ABSENCE, AND TYPE OF PERITONEAL FLUID 
AMONG THE PATIENTS IN BOTH GROUPS 
CHARACTER OF PERITONEAL FLUID 

Per Cent 


Fluid ^ Under SO Over SO 

Clear 14.4 7.5 

Turbid 29.8 ’ IS.O 

Pus 2S.4 SS.O 

Not stated 5.3 7.5 

None 24.9 15.0 


typical that actual pus was present in 55 per cent of the patients in the 
older group. A culture was not indicated, or negative, in 69.2 per cent of 
the younger patients and 42.5 per cent of the older. As usual in peritonitis 
of appendiceal origin EscJierischa coli alone or in combination with other 
bacteria, was the predominating organism in all positive cultures. 

The close similarity in the position of the appendix in these two groups 
of cases (Table V) is evidence that its location plays no part in the more 


Table V 

LOCATION OF THE APPENDIX DISCLOSED BY OPERATION 
LOCATION OF APPENDIX 

Per Cent 


Position 
Right iliac fossa. 

Pelvis 

Retrocecal 

Laterocecal 

Retroileal 

Retroileocecal . . . 
Not stated 


Under 50 

Over 

28.5 

27.5 

27.6 

27.5 

22.4 

17.5 

6.1 

7.5 

1.3 

2.5 

4.4 

5.0 

9.6 

12.5 


fulminating type of disease which frequently occurs in middle-aged and 
elderly persons. The exactly comparable incidence of appendiceal obstruc- 
tion by fecolith (Table VI) is of interest, and suggestive of a common factor 
in the etiology of appendicitis in the two groups. 
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Since 1925, Maes^“ has stressed the importance of vascular occlusion as 
the etiologic factor in the rapidly progressive type of appendictis in patients 
who have passed the prime of life. In support of this contention, cited by 
him and others,^® are replacement of the lymphatic tissue of the appendix by 
fibrosis as age increases, the terminal nature of its arterial supply, the greater 
frequency of total rather than localized, patchy gangrene, the higher incidence 
of thrombosis and pyelophlebitis, and the presence of generalized vascular 
disease in middle-aged and elderly patients. Gatewood^® suggests that many 
cases of appendicitis in older individuals are embolic in origin. 

Fitch,'^ discussing the vascular supply of the appendix, believes that the 
organ does not atrophy with age but becomes fibrous because of repeated 
attacks of mild appendicitis, and suggests that circulatory obstruction, when 
a factor in acute appendicitis, is secondary to distention of the cecum and 
terminal ileum with fecal material. 

It seems quite possible that either of these factors may play a primary 
role in occasional cases of acute appendicitis after the fifth decade of life. 


Table VI 

INCIUENXE ANU TYPE OF APPENDICEAL OBSTRUCTION. WHEN NO STATEMENT COULD BE FOUND IN THE OPERATIVE 
NOTE OR PATHOLOGIC DESCRIPTION RELATIVE TO THEjPRESENCE OR ABSENCE OF A FECOLITH, IT IS PROBABLE, 
THOUGH NOT DEFINITE, THAT NO FECOLITH WAS FOUND. 

INCIDENCE OF APPENDICEAL OBSTRUCTIbN 

Per Cent 


Obstruction Under 50 

By fecolith 32.4 

By angulation or torsion 14.5 

No obstruction 10.9 

Not stated 36.8 

Appendix not removed 5.2 


Over 50 

32.5 
5.0 
5.0 

42.5 
15.0 


However, there is available too little accurate pathologic information on the 
condition of the lilood vessels in early cases of acute appendicitis in elderly 
patients to classify all, or even the majority of cases as primarily vascular 
in origin. It is the opinion of the writer, based on a study of the operative 
notes and pathologic reports in this series of cases, that vascular impair- 
ment, when present, is, in the large majority of cases, secondary to appen- 
diceal obstruction by fecolith, band, kink, or adhesions. 


RESULTS AND MORTALITY 

The number of patients, the number of fatalities, and the mortality rate 
for young and old patients in each of the subdivisions of appendicitis and 
its complications are summarized in Table VII ; the causes of death are 
listed in Table ^■^ 111 . If the groups be subdivided less completely, and 
considered only as patients under and over fifty years of age, with and 
without perforation of the appendix, the following mortality rates are ob- 
tained; One hundred sixty-two patients® less than fifty years old, with no 
perforation and no mortality; 13 patients over fifty, with no perforations, 
two fatalities, each due to pulmonary embolism — mortality 15.4 per cent; 
b6 patients under fifty, with perforation, three deaths due to peritonitis, one 
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to intestinal obstruction, and one to pulmonary embolism (patient 43 years 
mortality 7.6 per cent; 27 patients over fifty, with perforation, two 
deaths due to pulmonary embolism, two to bronchopneumonia, and one to 
coronary thrombosis — mortality 18.5 per cent. 

Although the incidence of perforation with peritonitis or abscess was 
much higher among the patients over fifty years of age, no death in this 

Table VII 

COMPARATIVE RESULTS OF SURGICAL TREATMENT OF APPENDICITIS AND ITS COMPLICATIONS AMONG 
PATIENTS UNDER AND OVER FIFTY YEARS OF AGE 
SUMMARY OF RESULTS 

Patients Under Patients Over 

SO Years of Age 50 Years of Age 

Type of Disease Cases Fatalities Mortality Cases Fatalities 

Acute appendicitis 105 0 0 6 2 

Ac. ap., vrith gangrene 47 0 0 6 0 

Ac. ap., with local peritonitis 10 0 0 1 0 

Ac. ap., with perforation and local 

peritonitis 26 1 3.8% 9 2 

Ac. ap., with perforation and 

general peritonitis 17 3 17.6% 8 2 

Ac. ap., with ajoscess 23 1 4.3% 10 1 

Total mortality patients under 50 years of age — 2. 1 per cent 
Total mortality patients over 50 years of age — 17.5 per cent 
Total mortality all patients — 4.4 per cent 

group was due to these complications but rather to cardiovascular accidents 
and pneumonia, degenerative diseases of advancing years, to which old age 
is heir, regardless of the intervention of acute appendicitis. In the entire 
series of cases there were only three deaths from peritonitis ; these all occurred 
among the patients who were less than fifty years of age. 

The total mortality for the patients under fifty years of age was 2.1 
per cent; for patients over fifty years of age it was 17.5 per cent, and for 
both groups combined it was 4.4 per cent. 

Table VIII 

SUMMARY OF THE CAUSES OF DEATH AMONG THE FATAL CASES IN THE TWO GROUPS OF PATIENTS 

ANALYSIS OF DEATHS 

Under 50 Over 50 

' . . . 3 patients 0 

1 patient 0 

0 2 patients 

0 1 patient 

1 patient 4 patients 

CONCLUSIONS 

Acute appendicitis is not uncommon after the fifth decade of life in 
any community or district wuth a large proportion of its inhabitants over 
fifty years of age. The disease is often fulminating in character, and may 
progress to gangrene and perforation with a rapidity equivalent to, or even 
greater than in adolescence, youth,^ or early middle life. 

The clinical manifestations may be atypical but more commonly vary 
so little from those which occur earlier in life that a correct diagnosis in 
most cases should be made without undue delay provided the possibility 
of appendicitis be kept constantly in mind. 
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Cause of Death 

Peritonitis 

Intestinal obstruction. . . 
Bronchopneumonia .... 
Coronary thrombosis — 
Pulmonary embolism . . . 


Mortality 

33.3% 

0 

0 

22 . 2 % 

25.0% 

10 . 0 % 
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Appendiceal obstruction is responsible for many of the cases of acute 
appendicitis during the later decades of life; there is very little concrete evi- 
dence to support the theory that vascular changes are of initial importance 
in etiology. 

The complications of local peritonitis, general peritonitis, and abscess are 
much more common among elderly people. 

Appendicectomy, with or without drainage, should he performed as early 
as possible after the establishment of a diagnosis, and the institution of pre- 
operative supportive treatment when indicated. 

Middle-aged and elderly persons tolerate peritonitis of appendiceal origin 
surprisingly well. The mortalit}^ in this group, however, is high. Death 
is frequently due to the hazards of surgery in old age rather than the toxemia 
of infection, namel}', intercurrent pulmonary complications, cardiovascular 
and cerebral accidents. 
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THE PATHOLOGY OF BURNS 


THE PATHOLOGIC PICTURE AS REVEALED AT AUTOPSY IN A SERIES OF 61 FATAL 
CASES TREATED AT THE HOSPITAL FOR SICK CHILDREN, TORONTO, CANADA 

I. H. Erb, M.B., Ethel M. Morgan, B.S., M.D., 

AND Squadron Leader A. W. Farmer, M.B., M.D. 

Toronto, Canada 

FROM THE DEPARTMENTS OF PATHOLOGY AND SURGERY, HOSPITAL FOR SICK CHILDREN. TORONTO, CANADA 

While the pathologic findings in burns have been reported from time to 
time, the majority of these reports have been of comparatively small numbers 
of cases. The largest group recently reported is that of Wilson, MacGregor, 
and Stewart^ who described the postmortem findings in 33 cases, in 20 of 
which a study of the clinical course had been made. Whether any of these 
cases occurred in the period prior to the introduction of tannic acid therapy 
is not made clear in their article. To supplement the knowledge thus ob- 
tained, we are reporting herewith the findings in a larger series of cases than 
has hitherto been recorded. This series comprises 6r cases of fatal burns 
occurring over a period of 23 years (1920-1942). During that period the 
treatment of all burn cases came under the direct supervision of only three 
clinicians — the late Bruce Robertson, R. I. Harris and, since 1932, one of 
us (A. W. F.), while the one pathologist (I. H. E.) was responsible for all 
autopsy records. This has provided an excellent opportunity for the cor- 
relation of the pathologic changes with clinical observations, with methods 
of treatment and with the survival time. The findings are summarized in 
Table I, and while the clinical observations and methods of treatment have 
been dealt with more fully elsewhere,-* this article, as the title indicates, 
has to do chiefly with the pathology. This concerns not only the local skin 
and adjacent structures, but also such distant organs as lungs, lymph nodes, 
adrenals, kidne3'^s, liver, and the gastro-intestinal tract. Inasmuch, however, 
as the changes seem to bear a definite relation to survival time and a possible 
relation to area burned, and also to treatment, particularly the use of tannic 
acid, it is proposed to deal with the subject in the light of these factors, 
perhaps at the expense of some repetition. Since 1928, the surface area 
burned has been estimated in a manner somewhat similar to that of Berkow’s 
formula.® Estimations prior to that date were probably less accurate. The 
nature of the burn (whether fire, scald, chemical, efc.) is also recorded in 


* Burn Experiences at tlic Hospital for Sick Children, Toronto, Canada; Farmer, 
A. W. Read before the American Traumatic Societj’^ in June, 1942. To be publislied 
in Surgery. In this article the statement was made that liver damage similar to that 
seen following the use of tannic acid therapy, was seen also prior to its introduction. 
However, on reexamination of our material, while a certain degree of fatty degeneration 
of liver is seen in the pretannic acid period, no actual liver necrosis, such as is seen sine? 
the introduction of tannic acid, is found. 
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Table I, but whether a burn is caused by fire or scald appears to bear little 
relationship to the patholog3^ Chemical burns in our experience have been 
too few to venture any opinion as to the existence of any specific patho- 
logic picture. 

Table I 


SUMMARY OF BURN CASES ARRANGED ACCORDING TO SURVIVAL TIME 


Survival Time — One Day or Less 


Type and 


Case No. 

Size of 

Survival 




Age 

Burn 

Time 

Treatment 

Clinical Notes 

Pathology Findings 

1 

Fire 

24 hours 

Picric acid 

Vomiting, convulsions. 

Congestion of \ iscera. Few scatter- 

yrs. 

25% 



high temperature. 

ed small hemorrhages. 

2 

Fire 

24 hours 

Picric acid 

Primary shock. 

Congestion of lungs, adienals, and 

yrs. 

30% 




kidneys. 

3 

Scald 

12 hours 

No local 

Acutely ill, cyanosed. 

Congestion of lungs, liver and 

5 mos. 

3% 


treatment 

Died a few minutes 
pfteradmission to ward. 

kidneys. 

4 

Scald 

24 hours 

Borated 

Vomiting, twitchings. 

Congestion of viscera. Tiny 

8 mos. 

25% 


vaseline 


hemorrhages in lungs. 

5 

Scald 

24 hours 

Tannic acid 

Vomiting, convulsions. 

Congestion and petechiaeof viscera; 

3}'4 yrs. 

20% 



high temperature. 

edema of pleura. 

6 

Scald 

9 hours 

Transfusion; 

Shock. 

Congestion of viscera. Numerous 

21A yrs. 

35% 


no local 


small alveolar hemorrhages in lung. 




treatment 


Leukocytes in periportal aieas of 
liver. 

7 

Fire 

12 hours 

Tannic acid 

Comatose and cya- 

Congestion of viscera. Small pul- 

6 yrs. 

80% 



nosed. 

monary hemorrhages. 

8 

Scald 

24 hours 

Tannic acid 

Mouth burn. 

Liver normal on gross examination. 

18 mos. 

25% 




No microscopic section examined. 

9 

Chemical 

3 hours 

No local 

Primary shock. 

Fatty liver -f . 

18 mos. 

(lysol) 


treatment 




15% 





10 

Fire 

3 hours 

No local 

Peripheral circulation 

Congestion of viscera. Small 

yrs. 

85% 


trea^tment 

failed. 

hemorrhages in alveoli 

11 

Scald 

20 hours 

Tannic acid 

Vomiting, convulsions. 

Congestion of lung and livei. 

2 yrs. 

26% 




Leukocytes in periportal areas of 
liver. Small hemorrhages in lung. 




Simral Time — Two Days 



Type and 





Case No. 

Size of 

Survival 




Age 

Burn 

time 

Treatment 

Clinical Notes 

Pathology Findings 

12 

Scrld 

2 days 

Pici ic acid 

Vomiting, convulsions. 

Congestion of lungs, liver, spleen. 

2 yrs. 

15% 



high tcmpciaturc, c.\- 

kidneys, adrenals, fatty liver +, 





sanguination trans- 

postmortem peiforation of eso- 





fusion. 

phagus. 

13 

Scald 

36 hours 

Sodium 

Vomiting, convulsions, 

Congestion and edema of lungs, con- 

2 yrs. 

20% 


bicarbonate 

high temperature. 

gestion of liver, spleen, and kidneys; 
kidney damage 

14 

Scald 

2 days 

Tannic acid 

Severe hematemesis. 

Duodenal ulcer with hemorrhage; 

S}4 yrs. 

10% 



high temperature. 

large adrenal hemorrhage with rup- 






ture. 

IS 

Fire 

2 days 

Chrome tan- 

Vomiting, high tem- 

Subpericardial and myocardial pc- 

5 yrs. 

20% 


ning solution 

perature, tojtemia. 

techiae; congestion of viscera. 

16 

Scald 

2 days 

Tannic acid 

Vomiting, convulsions. 

Petechie 1 hemorrhages — subpleural , 

22 mos. 

25% 



high temperature — 
107° F. 

subpericardial, thymus; fatty liver. 

17 

Scald 

2 days 

Tannic acid 

Toxemia. 

Caidiac dilatation; congestion and 

3L y.s. 

55% 




scattered hemorrhages in pc:i- 
adrenal tissues and floor of 4th 
ventricle. 


*The kidney lesions, apart from congestion, consisted of tubular degeneration, the pre.sence of tubular casts 
and granular precipitate in the glomeruli. For the sake of brevity the kidney lesions are recorded as "kidney 
damage +, ++, etc." For further details see Table VI. 
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Case No. 

Size of 

Survival 


Age 

Burn 

Time 

Treatment 

18 

i}4 yis. 

Scald 

10% 

2 days 

Tannic acid 

19 

1 yr. 

Fire 

3% 

2 days 

Tannic acid 

20 

Scald 

2pij days 

Tannic acid 

3 yrs. 

55% 

. (60 hrs.) 



Type and 


Clinical Notes 
Toxemia, high temper- 
ature — 108° F. 
Vomiting, convulsions, 
high temperature — 
106°— 108“ F. 

Toxemia. 


Survival Time — Three Days 


Case No. 

Size of 

Survival 



Age 

Burn 

Time 

Treatment 

Clinical Notes 

21 

Scald 

3 days 

Tannic acid 

Toxemia, vomiting; fall 

5 yrs. 

20% 



of blood pressure. 

22 

Fire 

3 days 

Sodium 

Vomiting, delirium. 

10 yrs. 

35% 


bicarbonate; 

high temperature. 




exsanguina- 





tion transfusion 

23 

Scald 

3 days 

Tannic acid 

Convulsions and col- 

23^ yrs. 

25% 



lapse. 

24 

Fire 

3 days 

Tannic acid 

Vomiting, twitchings, 

18 mos. 

25% 



toxemia. 

25 

Fire 

3 days 

Tannic acid 

Convulsions and 

4 yrs. 

20% 



twitchings. 

26 

Fire 

3 days 

Tannic acid 

Toxemia. 

9 yrs. 

20% 




27 

Scald 

3 days 

Tannic acid 

Toxemia. 

21 mos. 

10% 




28 

Scald 

3 days 

Tannic acid 

Toxemia. 

534 yrs. 

20% 




29 

Scald 

3 days 

Tannic acid 

Toxemia ?; drowsy but 

3 days 

10% 

(14 hrs. 


normal temperature; 



after tan) 


newborn. 

30 

Scald 

3 days 

Tannic acid 

Vomiting biood, deliri- 

9 yis. 

25% 



ous, coma, toxemia. 




Survival Time — Four Days 


Type and 




Case No. 

Size of 

Survival 



Age 

Burn 

Time 

Treatment 

Ciinical Notes 

31 

Fire 

4 days 

Sodium 

Vomiting, convulsions, 

5 yrs. 

10% 


bicarbonate 

high temperature. 

32 

Scald 

4 days 

Tannic acid 

Twitchings, high tem- 

234 yrs. 

25% 



perature. 

33 

Scald 

4 days 

Tannic acid 

Toxemia. 

2 yrs. 

50% 




34 

Scald 

4 days 

Tannic acid 

Toxemia, hematemesis. 

2 yrs. 

15% 





Pathology Findings 
Congestion of lungs; large thymus. 

Congestion of lungs, spleen, kidney; 
slight fat throughout lobules of 
liver. 

Edema and congestion of lung; 
early diffuse necrosis of liver; con- 
gestion of viscera ; small hemorrhage 
in thymus and mediastinal tissues. 


Pathology Findings 
Congestion and edema of lungs; 
early aspiration pneumonia; necro- 
sis of liver kidney damage 

-p-p-b; ulcer of esophagus with 
hemorrhage. 

Congestion of lungs and liver; 
petechiae of myocardium; previous 
kidney damage (calcified masses). 

Liver necrosis + + +; pulmonary 
congestion; subpericardial and peri- 
adrenal hemorrhages. 

Liver necrosis congestion of 

meninges, liver, kidney and duo- 
denal mucosa. 

Liver necrosis -f +; kidney damage 
-p-p; pulmonary hemorrhage and 
edema -p. 

Lobular pneumonia; liver necrosis 

+ + + +• 

Liver necrosis -p-p; kidney damage 
+ + +; postmortem digestion of 
stomach. 

Liver necrosis -p-p-p; early pneu- 
monia; kidney damage -p-p+; 
postmortem digestion of stomach. 
Small hemorrhage in heart and 
lungs; edema of lungs; cloudy 
swelling of liver. 

Liver necrosis -p-p+; acute pul- 
monary edema; hydrothoraX, early 
pneumonia; kidney damage 
+ + + +• 


Pathology Findings 
Slight fatty degeneration of liver; 
congestion of lungs; slight cloudy 
swelling of kidneys. 

Liver necrosis -P + + +; kidney 
damage -p; congestion of viscera. 
Liver necrosis -P + + +; kidney 
damage -p+: congestion of kidneys. 
Liver necrosis -P + ++; kidney 
damage -P-P + + ; esophageal ero- 
sion; extensive pulmonary edema 
with congestion and alveolar hemo- 
rrhage. 
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Case No. 

Type and 
Size of 

.“^ge 

Burn 

35 

Fire 

6 yrs. 

35% 

36 

Fire 

8 yrs. 

46% 

37 

Scald 

2 yrs. 

20% 


38 

Scald 

0 mos. 

10% 


Case No. 
Age 

39 

22 mos. 

Type and 
Size of 
Burn 
Scald 
20% 

40 

4}f! yrs. 

Scald 

20% 

41 

2'i yrs. 

Scald 

5% 

42 

1 yr. 

Scald 

10% 

43 

13 yrs. 

Fire 

75% 

44 

6 yrs. 

Fire 

40% 

45 

3'A yrs. 

Fire 

20% 

46 

2 yrs. 

Scald 

28% 

47 

4 yrs. 

Fire 

15% 

48 

2 A yrs. 

Scald 

20% 

49 

9 yrs. 

Scald 

25% 


Case No. 

Type and 
Size of 

Age 

Burn 

50 

Fire 

4 yrs. 

25% 


Survival Time — Four Days 


Survival 

Time 

Treatment 

Clinical Notes 

Pathology Findings 

4 days 

Tannic acid 

Toxemia. 

Liver necrosis -f-p-p-p; kidney 

4 days 

Tannic acid 

Toxemia. 

damage -p; jaundice. 

Liver necrosis -p-p-p-p; kidney 

4 days 

Tannic acid 

Vomiting, twitchings. 

damage -p-p; congestion of lungs 
with small hemorrhages. 

Liver necrosis -p-p-p-p; kidney 



shock, toxemia, jaun- 
dice. 

damage -p-p; ascites; hydrothorax; 
edema of retroperitoneal tissues; 
jaundice; esophagitis; gastro-intes- 
linal hemorrhage. 


4 days Tannic acid Vomiting, restless. Iiigli I-iver necrosis + + + +; kidney 
temperature, toxemia, damage + + + +; retropleural and 
retroperitoneal petechiae — wide- 
spread ; congestion duodenal muco=a . 

Survival Time — Five to Ten Days 


Survival 

Time Treatment 
5 days Exsanguination 
transfusion. 
Tannic acid 
5 days Tannic acid; 2 
exsanguination 
transfusions 
3 days No local 
treatment 


6 days Soda bicarbonate; 
borated vaseline 

6 days Tannic acid 


7 day Tannic acid; 
intravenous 
saline 

7 days Tannic acid 


8 days Tannic acid 


9 days Tannic acid 


10 days Exsanguination 
transfusion; soda 
bicarbonate; bor- 
ated vaseline 
10 days Tannic acid 


Clinical Notes 
Vomiting, drowsy, 
high temperature. 

Vomiting blood , 
drowsy, coma. 

Admitted with pneu- 
monia; chest scalded 
by plaster; drowsy; 
toxic; melena. 

Scarlet fever, vomit- 
ing, convulsions, high 
temperature. 
Hemolytic strepto- 
coccus septicemia. 

Hemolytic strepto- 
coccus septicemia. 

Admitted with whoop- 
ing cough. Vomiting, 
twitching, surgical 
emphysema, high 
temperature. 
Twitching, labored 
breathing, sudden col- 
lapse. 

Staphylococcus aureus 
septicemia. 

Toxemia, high tem- 
perature — 106° F. 

Burns infected. B. 
pyocyanetis. 


Pathology Findings 
Central necrosis of liver -1- -p with 
congestion and hemorrhage; kid- 
ney damage -f; edema of lung. 
Liver necrosis -f-b-k-l-; kidney 
damage -f small adrenal 
hemorrhage; esophagitis. 

Slight fatty liver; e.xtensive bron- 
chopneumonia; duodenal ulcer; 
cloudy swelling of kidney. 

Liver congested; early broncho- 
pneumonia; cloudy swelling of kid- 
ney; small adrenal hemorrhages. 
Liver necrosis -f; early broncho- 
pneumonia; cloudy swelling of 
kidney. 

Liver normal; early bronchopneu- 
monia; duodenal ulcer; cloudy 
swelling of kidney. 

Liver necrosis still hem- 

orrhage in central zones with some 
polymorphic infiltration; septic 
pneumonia. 

Liver necrosis — healing stage; kid- 
ney damage -h-f, repair; ulcer of 
esophagus; pneumonia. 

Liver necrosis — healing stage; py- 
emic abscesses in myocardium, 
lungs, kidneys; duodenal ulcer. 
Liver, kidney, adrenals, and 
inguinal nodes congested. 


Liver necrosis — healing stage; kid- 
neydamage -p; adrenal hemorrhage 
— widespread; duodenal ulcer; 
early gastric ulcer. 


Survival Time — Eleven Days to Three Months 


Survival 

Time Treatment Clinical Notes Pathology Findings 

1 1 days Tannic acid Staphylococcus aureus Septic infarct of lung; liver necrosis 

septicemia. + H healing stage; cloudy swell- 

ing of kidneys. 
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Case No. 
Age 

51 

5 mos. 

52 

2 yrs. 


53 

23 mos. 


54 

4 yrs. 

55 

9 yrs. 


56 

5 yrs. 
57 

4 mos. 


58 

2}4 yrs. 


59 

7 wks. 

60 

13 yrs. 
61 

11 yrs. 


Type and 
Size of 
Burn 
Fire 
2 % 

Scald 

10 % 


Fire 

45% 


Fire 

25% 

Fire 

25% 


Scald 


Fire 

5 % 


Scald 

20 % 


(Chemical 
Less than 
5% 
Scald 
38% 
Fire 
25% 


Survival 
Time 
12 days 


14 days 


14 days 


19 days 
21 days 


21 days 


25 days 


5 wks. 


7 wks. 


10 wks. 
3 mos. 


Treatment Clinical Notes 

No local Fried pancakes to 

treatment chest. Diffuse bron- 

chopneumonia. 

Sodium bicarbon- Infected transfusion 
ate; calcium lac- wound, hemolytic 
tate; exsanguina- streptococcus, 
tion transfusion 

Tannic acid; ev Profound toxemia, 
sanguination; twitchings, drowsy, 
transfusion; ex|- infected transfusion 
cision of burn 3rd wounds, sepsis, Sta- 
day (72 hours) phylococcus aureus. 
Tannic acid Hemolytic strepto- 

coccus sepsis (infected 
transfusion wound). 

Soda bicarbonate; Severe toxemia early 
picric acid; bor- and again last 3 days, 
ated vaseline, 2 with vomiting and 
exsanguination high temperature, 
transfusio^is 


Tannic acid 

Hemolytic strepto- 
coccus sepsis, scarlet 
fever, toxemia^ 

Tannic acid 

Sepsis, Staphylococcus 
aureus. Infected inter- 
stitial site chest wall. 

Tannic acid 

Sepsis, hemolytic 
streptococcus and B. 
pyocyaneus. 

Wet dressings 

Child burned at 1 day 
of age; pneumonia; 
early malnutrition. 

Tannic acid 

Septicemia B. pyo- 
cyaneus. 

Picric acid 

Severe toxemia at 
first. Postoperative 
shock (3 hours follow- 
ing skin graft opera- 
tion). 


Pathology Findings 
Bronchopneumonia; very slight 
fatty liver in central areas; 
thrombus in ventricle. 

Liver: Slight fatty infiltration; 
septic pneumonia. 


Liver; fat vacuoles in periportal 
and middle zones; septic throm- 
bosis femoral vein (transfusion 
site). 

Liver necrosis -1 — repair, mitoses. 


Lung: Considerable edema and 
congestion; small amount cellular 
exudate. Liver, kidney, mesenteric 
nodes congested. Axillary nodes 
edematous. 

Liver normal; pyemic infarcts in 
lungs; sepsis. 

Liver normal; kidney damage + 
— repair; medullary hemorrhage of 
adrenal; Staphylococcus aureus 
septicemia. 

Diffuse fatty liver + + -1-+; no 
necrosis; septic pneumonia; throm- 
bosis inferior vena cava and ex- 
ternal iliac veins. 

Liver congested, hemosiderin in 
Kupffer’s cells. 

Diffuse fatty liver -F-b-f-F: no 
necrosis. 

Liver: Fat vacuoles in periportal 
zone. 


Because of the fact that the pathologic changes seen in burns are most 
pronounced in those cases dying during the periods of what are commonly 
called secondary shock and toxemia, some explanation of the use of these 
terms would seem to be indicated. Elsewhere^ we have expressed the 
opinion that the symptoms of “oligemic anoxia,” called also secondary shock, 
as well as the other symptoms of “toxemia,” are the result of absorption of 
toxins from the area of the burn, and for this reason have included the so- 
called secondary shock and toxemia under the one heading. This group of 
signs and symptoms is easily noted in burns of moderate or severe degree. 
They include briefly: An elevated temperature, rapid pulse, drowsiness, oc- 
casionally disturbed by periods of irritability, which drowsiness may go 
on to coma and death. Often there are localized twitchings and generalized 
convulsions. Vomiting commences early in severe burns and may become 
continuous. The limbs become moist and cold. The blood pressure falls 
eventually. The urine is of small volume, of high specific gravity, and, m 
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severe cases, may contain albumin, hyalin and granular casts. Acetone may 
be present. i ! I ' 

In the accompanying charts when the term shock is used as indicating 
the cause of death, this has reference to primary shock as occurring within 
the first 12 to 24 hours. The term toxemia, on the other hand, includes 
what is ordinarily spoken of as secondary shock and toxemia. The survival 
time is indicated in hours, days, weeks, or months. Where the time is 
expressed in days the figure used indicates the number of complete days of 
24 hours plus part of the day on which the patient died. Thus, if a patient 
survived more than three full days and less than four full days, the survival 
time is expressed as four days. 

The pathologic findings will be discussed under the following headings 
with emphasis chiefly on gastro-intestinal tract, liver, and kidneys : 

1. Skin and adjacent structures 

2. Central nervous system 

3. Circulatory system 

4. L3'mph nodes and spleen 

5. Respiratory tract 

6. Adrenals 

7. Gastro-intestinal tract 

8. Liver 

9. Kidneys 

10. Infection 

I. Shill and Adjacent Sfnicfnrcs: It has long been recognized tliat tlie 
size of the burned area in relation to mortality is of more importance than 
the depth of the burn. Thus, during the period 1913-1941 there was not 
a single case of recovery when the burned area involved 50 per cent of the 
body surface and only one case in which 40 per cent of the body surface was 
burned. Dupiwtren’s classification of burns according to depth has long 
been in common use. This has been graphically represented by Harkins.'^ 
A somewhat simpler classification is used by the National Research Council 
of Canada in a recent publication on the Treatment of Thermal Burns.^ A 
comparison of the two classifications is shown in Figure I. The classifica- 
tion referred to in this paper is that of the National Research Council. 
Briefly, the local changes found in burns of the varying degrees may be 
summarized as follows : 

In burns of first degree there is seen dilatation of the capillaries of the 
corium and the formation of blisters is a characteristic feature. Fluid col- 
lects between the dermis and the overlying damaged epidermis. Should 
the latter rupture, much oozing of serum folloAvs. This is associated also 
with edema and leukocytic infiltration of the corium. Burns of the second 
degree involve not only the epidermis but the dermis, together with varying 
degrees of damage to the sebaceous and coil glands and hair follicles. The 
amount of scarring may depend upon the depth of the involvement of the 
dermis while reepithelization is dependent on the extent to which remnants 
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of the hail follicles and glandular elements have been spared. In burns of 
the third degree the whole thickness of the dermis has been destroyed. 

2. Central Nervous System: Our findings here have been rather meager. 
In some cases permission to examine the brain was not obtained, and in 
the majority of those in which examination was carried out only vascular 
congestion and cerebral edema were found. In one instance petechial hemor- 
rhages were found in the floor of the fourth ventricle (Case 17; survival time 



Fig, I. — Diagranimntic comparison of classification of burns by degrees. 

Left — according to National Research Council of Canada. 

Right — according to Dupuytren. Modified from National Research 
Council of Canada Bulletin 1084. 

two days). This was associated also with hemorrhages into the periadrenal 
tissues. 

3. Circulatory System: Here, again, the changes were slight. In a few 
instances scattered subepicardial and myocardial petechiae were found, but on 
no occasion did we see larger hemorrhages, such as have been reported by 
Harkins^ in experimental animals. While, clinically, the symptoms of 
hemoconcentration appear to be the result of loss of plasma from the cir- 
culation, no alterations indicating damage to the vessel walls were observed. 

4. Spleen and Lymphatic System: Apart from swelling and congestion of 
vessels, with edema and hemorrhage into the interstitial tissues of the nodes, 
little of a pathologic nature was noted. In some instances this congestion 
was very marked. 

5. Respiratory Tract: During the first 24-hour period, apart from con- 
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A 



B 

Fig. 2 a. Case 13: S-T — Two days. Pulmonary edema. 

(H. & E., XSo.) 

B. — Case 14: S-T — Two days. Massive adrenal hemorrhage. 

(H. & E., X 3.) 

gestioii and petechial hemorrhages, the lungs showed nothing of note. On 
the second day following the burn, congestion was usually more marked 
and petechial hemorrhages more pronounced. Edema now appeared in 
some cases, as shown in Figure 2 A, Case 13. By the third day conges- 
tion and edema were still more pi'onounced, and, should the latter persist, 
the way may now be paved for the development of a subsequent pneumonia. 
This complication is dealt with later under the heading “Infection.” 

6. Adrenal Glands: The occurrence of adrenal hemorrhage in burns has 
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been previously noted." This lesion was observed in tour instances in our 
senes. The survival time in these cases was two, five, six, and 10 days 



C D 


Fig. 3. — Gastro-intestinal Lesions. 

A. Case 46: S-T — Eight days. Esophageal ulceration. (H. S. E, X 34 ) 

B. Case 44: S-T — Seven days. Hemorrhage into gastric mucosa, with oozing 
of blood from mucosal surface. (H. & E., X 48.) 

C. Case 49: S-T — Eight days. Early gastric ulcer. (H. &. E, X 46.) 

D. Case 14: S-T — Two days. Duodenal ulcer. (H. i. E., X 34.) 

(Cases 14, 40, 42, and 49), respectively. The hemorrhages ranged from 
quite small medullary ones to more diffuse involvements of the gland, in one 
instance consisting of an almost spherical mass within the capsule two centi- 
meters in diameter (Fig. 2 B, Case 14; survival time two days). 

7. Gastro-intestinal Tract: Changes were found in esophagus, stomach 
and duodenum. In some this consisted only of congestion of the mucosa, 
while in other cases there was oozing of blood from the congested mucous 
membrane without definite ulceration. Some of these cases gave a history 
of vomiting black coffee ground material and in others similar material 
was found in stomach on postmortem examination. In the esophagus, while 
varying degrees of superficial erosion were found, in three instances there 
was ulceration down to the muscularis (Fig. 3 A, Case 46; survival time 
eight days). The manner in which oozing of blood from gastric mucosa 
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may occur is illustrated in Figure 3 B, A somewhat more advanced stage 
of localized epithelial damage is shown in Figure 3 C. 

Duodenal ulcers, on the other hand, were found in five cases, or 8.2 
per cent, the stmdval time being 2, 5, 7, 9, and 10 days, respectively. This 
percentage is somewhat lower than other authors have reported, but, as 
pointed out by Harkins,'^ some of these reports are based on collected sta- 
tistics and not on an individual series as is the case in this paper. The 
percentage of duodenal ulcers in some reports is, therefore, unduly high. 
One of these duodenal ulcers occurring in a patient dying on the second 
day is shown in Figure 3 D. This patient had suffered severe hematemesis 
(Case 14). In another instance there was found in the base of the ulcer 
an exposed vessel, which again had given rise to extensive hemorrhage (Case 
41; survival time five days). 

The cases in which ulceration occurred are summarized in Table II. 



Sur\’ival 


GASTRO-INTESTINAI. LESIONS 

Esophagilis and Esophageal Ulceration 

Case No. 

Time 

Tanned 

Remarks 

21 

3 days 

+ 

Ulceration 

34 

4 days 

+ 

Ulceration; hematemesis 

37 

4 days 

+ 

Esophagitis: gastro-intestinal hemorrhage 

40 

5 days 

+ 

Esophagitis 

46 

8 days 

+ 

Ulceration 

Duodenal Ulcer 

14 

2 days 

+ 

Severe hematemesis. Large adrenal hemorrhage 

41 

5 days 

— 

Admitted with pneumonia 

44 

7 days 

-f- 

Hemolytic streptococcus septicemia 

47 

9 days 

-!- 

Staphylococcus aureus septicemia 

49 

10 days 

+ 

pyocyaneus infection of burned area; early gastric ulcer, and adrena 
hemorrhage 


8. Liver: Of all the burn changes, those in the liver parenchyma were 
the most striking. These consisted of first, congestion ; then hemorrhage 
into the central vein areas appeared, accompanied by marked necrosis of the 
central portion of the liver lobules, involving in some cases two-thirds or 
more of the lobule. These necrotic changes have been described by Wilson, 
MacGregor, and Stewart,^ and Belt.'^ The most extensive damage was 
found to occur on the third, fourth, and fifth days. Liver function tests 
were not carried out on our patients; only two of these cases showed 
clinical jaundice (Cases 35 and 37). In some of those cases surviving this 
period, regenerative changes were in evidence. 

Because of the possible relationship of tannic acid therapy to liver 
necrosis, as pointed out by Wells, Humphrey and Coll,® our series of cases 
will be divided into untanned and tanned groups. Group I (Table III) 
comprises 20 cases, approximately one-third of the total series, and included 
14 cases in the pretannic acid period, from 1920 to 1924, inclusive, and six 
cases which occurred subsequent to 1924, in which for one reason or 
another the burned area was not tanned. In Group TT oj-g cases 

in which tannic acid was used. 
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Table III 

TWENTY UNTANNED CASES 

Cause of Death 

Survival Time Shock Toxemia Sepsis Total 

1-24 hours 5 2 7 

2 days 3 , 

3-14 days 3 4 j 

21 days 1 j 

7 weeks I j 

None showed necrosis of liver. An additional case died of shock following a skin-graft operation, two and 
one-half months after the burn. Note: Seven of the 20 died in the 3- to 14-day period, when necrosis of liver 
was a prominent feature in the tanned cases. 

A B 



C 


D 


Fig. 

A. 

B. 

X 48.) 

C. 

D. 

X51.) 


4. Photomicrographs of livers from four untanned cases. 

Case S-T — Three days. Normal liver. (H. & E., X 51.) 
Case 41 r* S-T — Five days. Slight fatty infiltration. No necrosis. 


Case 48: 
Case 51 : 


g.X Ten days. Marked congestion. No necrosis. (H. & 

S.'p Twelve days. Slight cloudy swelling. No necrosis. 


(H. & E., 

E., X 5I-) 
(II. S.- E., 


T/ie Untanncd Group: In the first 24-hour survival-period there were 
eight deaths, and in these the liver showed no pathologic change apart from 
varying degrees of congestion. In the survival period from 24 to 48 hours 
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C D 

Fig. 6. — Photomicrographs of livers from four tanned cases. 

A. Case 38: S-T — Four days. Marked necrosis. (H. & E., X 34-) 

B. Case 33; S-T — Four days. Marked necrosis. (H. & E., X 80.) 

C. Case 36: S-T — Four days. Marked necrosis. (H. & E., X 80 ) 

D. Case 40: S-T — Five days. More detail of liver damage. (H. S. E, X 240 ) 

showed early fatty degeneration (Cases i6 and 19). One patient (Case 20) 
died at two and one-half days (60 hours), and showed widespread fatty 
degeneration, with beginning central necrosis (Fig. 5 A). 

In the eight cases dying on the third day, all showed marked necrosis 
of central and midzonal areas and extending well out into the outer zone 
(Fig. 5 B). For comparative purposes the degrees of necrosis are indicated 
in Table IV as two, three, and four plus. In the group dying on the fourth 
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Table V 

SIXTEEN TANNED CASES SHOWING NO I.IVER NECROSIS 

Cause of Death 


Survival Time 

1-24 hours 

2 days 

3 days 

7 days 

14 days 

21 days- 10 weeks 

Details of the three cases dying on 3rd, 7th ^nd 


Sliock Toxemia Sepsis Total 

2 2 4 

5 5 

1 1 

1 1 

1 1 

4 4 


14th days, respectively, are recorded on pages 246 and 248. 


Another was the case of a 23-inonths-old infant (Case 53), with a 45 
per cent fire burn, tanned within six hours of admissoin. By the third 
day toxemia had become so profound that an attempt was made to halt its 
further development hy excising the greater part of the burned and tanned 
area. Its condition improved for a time, but later a transfusion wound 
became infected and the child died of sepsis on the fourteenth da}^ The 
liver showed only slight fatty change (Fig. 8). The third of these cases 



Fig. 8. — Case 53; S-T — Fourteen days. Photomicrograph of 
liver showing slight fatty cliange. Burned and tanned area ex- 
cised on third day. (H. & E., X 51.) 

(Case 44) showing no necrosis, was that of a six-year-old girl, with a 40 
per cent fire burn (Fig. 9) ; tanned on admission; and dying on the seventh 
day, with hemolytic streptococcus septicemia. No gross or pathologic liver 
changes could be found (Fig. 10). She did, however, have a duodenal 
ulcer. While she received abundant intravenous saline, she had no glucose 
solution administered. 

The survival times in the tanned and iwtanned groups are compared in 
Figure ii. Thus, it is seen that in the untanned group 35 per cent of 
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deaths occurred within the first 24 hours, while in the tanned group 53 
per cent died in the three- to seven-day period. In other words, with the 
introduction of tannic acid, the average survival time has shifted from the 
period of primary shock to that of toxemia. 


Fig. 9. — Case 44: S-T — Seven days. Burned and tanned area. Death from 
streptococcus infection. 

9. Kidneys: The lesions in kidney involved lioth tubules and glomeruli. 
The tubular changes consisted of varying degrees of epithelial degenera- 
tion, from slight to ver}’- severe, with destruction also of many of the 
nuclei and the presence of numerous droplets of fat in the remaining cyto- 
plasm, particularly towards the basement membrane. In the majority of 
cases showing epithelial damage, were seen also hyaline and finely granular 
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casts in both convoluted and collecting tubules, particularly the latter (Fig 
12 A, B, Cand D). 

Apart from varying degrees of congestion, particularly in those cases 
dying within the first 24 or 48 hours, the glomerular lesion consisted of de- 
posits of a granular precipitate in the glomerular space (Fig. 13 A, B, and C). 
The extent to which this was seen is indicated by one or more plus signs 
in the accompanying Table VI. 


Table VI 
kidney damage 


Survival Time 4 - 4 - 4 - 4-4-4- -l--f4--i- 

.16 hours !’>■ 

3 days 1 1 2 1 

•1 days 2 3 2 

5 days 1 1 

8-10 days 1 If 

25 days It 

70 days 1 


Note: Fourteen of the 19 cases died from the 3rd to 5th day, inclusive. (See Table IV.) 
*Tiie only untanned case. 
tShowed repair. 

tCompIicated by miliary abscesses. 


Total 

1 

5 

7 

2 

2 

1 

I 



Fig, 10,— Case 44: S-T— Seven days. (See Fig. 9 .) 
tomicrograph of liver. No necrosis. (H. & E. x 4S), 

One interesting feature is revealed in the study of the kidney in Case 46, 
dying on the eighth day. In this case there was no glomerular precipitate. 
Casts were relatively few and the degenerative changes in the tubular 
epithelium had altered. While many of the tubules were still dilated anci 
while there was still some debris in the lumina, the majority of the epithelial 
cells appeared now to have an intact cell membrane. Here and there were 
scattered epithelial cells undergoing mitoses (Fig. 13 D). These changes 
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Fig. 12. — Kidney Lesions. j\. B. and C. iiliotomicrograjdis from three cases 
bliowing niinierons casts in collecting tubules. 

A. Case 30: S-T — Three days. (H. & E., X 51.) 

B. Case 21: S-T — Three daj’S. (H. & E., X 51.)' 

C. Case 38: S-T — Four days. (H. & E., X 51.) 

D. Showing tubular degeneration with extensive deposits of fat (black) in epithelial 
cells. Same Case as C. Scarlet red stain. (X 48.) 

10. Injection: Under the heading "Infection as a Cause of Death” are 
included i 8 cases (Table VII). Of these, two were admitted with pneu- 
monia, the burns having been sustained as the result of injudicious applica- 
tion of a hot plaster in one instance and of hot pancakes in another. One 
patient was admitted with whooping cough; developed pneumonia; which 
was complicated by surgical einphysema. Two patients died of scarlet 
fever, one of which was admitted during the incubation period. Two 
patients died on the third day, with early pneumonia, in both of u’hich the 
primary infection appeared to be in the respiratory tract. In six cases 
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C B 

Fig. 13 . — Kidney Lesion. A. B. and C. pliotomicrograplis fpni tlirec cases showing 
deiiris in glomerular space; also epithelial damage, particularly in B. 

A. Case 27 : S-T — Three days. (H. & E., X 160 .) 

B. Case 34 : S-T — Four days. (H. & E., X 120 .) 

C. Case 40 ; S-T — Five days. (H. & E., X 160 .) 

D. Case 46 : S-T — Eight days. Tubular repair. One mitotic figure. (H. & E., 

X sio.) 

with septicemia the source of the infection appeared to be in the Imrned 

area. In four, transfusion wounds became infected, and in one, infection 

started at the site of an interstitial saline injection in the chest wall. Ten 
of these ii cases were tanned. The invading organism in those cases in 
which it was identified was as follows: Heinol3Tic streptococcus, five, Sta- 
phylococcus aureus, four, B. pyocyaneus, two, hemol3Tic streptococcus com- 
bined with B. pyocyaneus, one, B. influenzae combined with pneumococcus 
Type X, one. 

In Table VIII are shown the burn mortalit3’’ rates at the Hospital for 
Sick Children over a period of 28 years. Following the introduction of 


Table VIII 

MORTALITY RATES 

Treatment Mortality Rate 

191.1-1924 Prior to tannic acid .15.2% 

1925-1928 Tannic acid and exsangiiination transfusion 16.1% 

1929-1937 Tannic acid 11 . 8 % 

1938-1941 Tannic acid. Sulphonamidcs plus plasma, and other measures 2 . 9 % 


Note; It is understood that additional therapeutic measures were also taken in all these periods. 
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tannic acid in 1925, the rate fell from 35.5 to 16.1 per cent, and, again, in 
the period from 1929-1937 to 11.8 per cent. In the four-year period, 1938- 
1941, there was a further drop to 2.9 per cent, which has been attributed 
to the introduction of the sulpha drugs, intravenous plasma, cortin and 
other measures. The details of therapy are discussed elsewhere.^ 

SUMMARY 

1. The postmortem findings in 61 fatal cases of burns are reported. Of 
these, 41 were tanned with tannic acid and 20 were untanned. 

The more important changes remote from the burned area, and apparently 
of a toxic origin, involve liver, kidney, gastro-intestinal tract and adrenal, 
while infection of one sort or another takes its added toll. In the gastro- 
intestinal tract, duodenal ulcer was observed five times, one of which cases 
was untanned. Esophagitis or esophageal ulceration was observed in five cases, 
all of which were tanned. Early gastric ulcer, or oozing of blood from 
gastric mucosa without ulceration, was observed three times. Adrenal hem- 
orrhage occurred four times, in three of which cases the patient was tanned. 
Renal damage was shown in the form of precipitate in the glomerular space 
or tubular degeneration and casts. Most of these occurred from the third to 
the fifth day inclusive. Signs of repair were noted after the eighth day. 

2. Of 41 cases in the tanned group, 25, or 61 per cent, showed liver 
necrosis. 

3. The shortest survival time in which necrosis was found was 60 hours, 
the longest was 19 days. 

4. Of the 25 patients showing necrosis, one died in 60 hours, 17 died in 
the period of three to five days, inclusive, seven died in the period six .to 19 
days, inclusive. 

5. The degree of necrosis was graded as follows: -j — j — [ — )-, nine cases; 
-j — I — five cases ; -j — [-, eight cases, and -j-, three cases. 

6. Death up to the fifth day was attributed to toxemia. Death from the 
sixth day on was due, in part at least, to infection of one sort or another. 

7. Signs of repair of liver were noted in each of five cases, in which 
death occurred from the eighth to the nineteenth day. 

8. Of 27 tanned cases dying in the three- to 19-day period, only three 
failed to show liver necrosis. One of these was tanned only 14 hours prior 
to death, and in another the burned and tanned area had been excised on 
the third day in an attempt to halt the rapidly increasing toxemia. (The 
child died of sepsis on the fourteenth day) . 

9. No case of liver necrosis occurred in the untanned group, seven of 
which died in the three- to 14-day period, in which necrosis was an outstand- 
ing feature in the tanned group. 

10. Kidney damage was observed in 19 cases, all but one of which be- 
longed to the tanned group. 

On the other hand, it should be pointed out : 
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(1) Following the introduction of tannic acid in 1925, the mortality rate 
from burns fell from 35.2 to 11.8 per cent prior to the use of sulfanilamides, 
and to 2.9 per cent since their introduction, along with other measures, 

(2) Also following the introduction of tannic acid the time at which 
death usually occurs has shifted from the early period (first 12-36 hours) 
into the period of toxemia (third to sixth day), a period in which liver ne- 
crosis is most frequently observed. 

(3) The patients dying icifh liver necrosis, apart from those dying of 
sepsis, presented, on the whole, the same clinical picture of toxemia as did 
those without liver necrosis who were untanned and died in the same period. 

(4) The liver necrosis, therefore, whatever its cause, is not necessarily 
the cause of death, although it may be a serious complication. 

(5) It has been shown that this necrosis of liver may undergo repair. 

(6) The survival for seven days of one patient with 40 per cent burn, 
tanned within six hours, and showing at autopsy a normal liver, may point 
the way to a search for some therapeutic agent to be used in combination 
with tannic acid, b}' which the benefits of tannic acid may be preserved and 
by which, at the same time, the liver may be protected from necrosis, be that 
necrosis the result of absorption of a toxic substance from the burned skin, 
the direct or indirect result of tannic acid, or a combination of both, 
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THE INTRA-ABDOMINAL USE OF THE MIKULICZ PACK 
Thomas E. Jones, M.D., John R. Paxton, M.D., 

AND Robert E. Brubaker, M.D. 

CLEVELAND CLINIC 

Cr.EVELAXii, Ohio 

1 HE AiiDO^riNAL SURGEON is frequently confronted with the problem of 
dealing with large surfaces which cannot he reperitonealized or covered with 
omentum after extensive dissections of adherent masses. In regional enteritis, 
for example, he may be forced to resect a fixed mass involving several feet 
of small intestine and perhaps a portion of the ascending colon, rendering 
llic entii'e rigid lower abdomen a raw, oozing surface. After mobilization of 
a large neoplasm of the sigmoid, the major portion of the pelvic basin may 
he denuded of peritoneum. 

We have been impressed in these and similar instances with the value 
of the mechanical exclusion of the small intestines from contact with such 
areas. If loops of small bowel are allowed to prolapse into a freshly denuded 
intra-abdominal basin, some degree of obstruction frequently occurs, due to 
adherence and kinking. In addition, if .such an area is infected or con- 
taminated, at least a localized peritonitis will result. The abdomen can 
withstand peritoneal infection to a marked degree, but the combination of 
infection and obstruction may frequently be fatal. A mechanical barrier 
which will cover the unperitonealized surface and fill the space from which 
a mass has been removed will prevent such an occurrence. 

Mikulicz,^ in 1886, suggested the use of a gauze pack for walling-off 
large unperitonealized areas after extensive pelvic operations. Little atten- 
tion was given the "Mikulicz pack," as it was subsequently named, until 
Faure"’®’'^ reintroduced it into France in 1921. Since then, many publica- 
tions have appeai'ed in the continental literature describing modifications in 
the technic and extensions of its application. Only a few articles have 
appeared in the English literature, and we believe the value of this con- 
tribution of Mikulicz’ may well be restated. 

The original Mikulicz pack consisted of a mesh sac, packed with strips 
of gauze, which was placed into the denuded pelvic basin. The gauze strips 
were removed gradually, and finally the surrounding mesh sac, leaving a 
granulating cavity. Faure employed the pack in its original form at the 
conclusion of the radical Wertheim operation. Following his work, numer- 
ous reports appeared, particularly in the French and Italian literature. 
Descio,^ Cosma,” Patti,^ Salvini,® Dogliotto,» Alphonse, Rouhier,^i Andre,^- 
Villard J^ Audain,^'^ Chaton,^^ Sabadini,^®' Dambin and Thomas,"® Le- 
clercle,^'^ Lazarides,-® Perrin,^" Keller," Massabrau.^s Lascaux,^^ Rous- 
seaux ,25 Alcorto,-'^ Grigoriu,-" Andrien,=® Panchett,^^ Berger,^^ Cadenet,-"^ 
and Corachan and Armangue,^'^ discussed the subsequent uses of the pack 
and its modifications. 

The mesh sac of tlie original pack was replaced by gutta-percha which 
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had the advantage of easy removal. The indications for the gutta-percha pack 
were extended widely, and it was used not only to exclude the small intes- 
tines from unperitonealized areas, but also to present their prolapse into 
abscess cavities. Gibson, in 1921, suggested the use of the modified pack 
in acute appendicitis. Farr’^ reported 162 cases, and WeedeiF^ 455 cases 



Fig. I. — Diagrammatic sketch of pack after closure. 


using the Gibson technic. Price described the “coffer dam” which may be 
considered a modification of the Mikulicz pack. Kennedy,^® a pupil and 
staunch supporter of Price, practices the principle extensively. Coffey,'^ ‘ in 
^937> reported a modification using gauze wicks surrounded with rubber 
dam, and gave a comprehensive review of its application as a mechanical 
barrier and as a drain. He termed this pack an “abdominal quarantine” 
which is an apt phrase for the principle. 

TECHNIC 

For many years the senior author has used a modification of the Mikulicz 
pack, employing a sheet of rubber dam into which a large fold of gauze 
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is packed. This may be applied in two ways, depending upon the size 
and shape of the area to be covered : ( i ) A large square sheet of rubber dam 
is placed against an unperitonealized area and packed with a long gauze 
fold until the cavity formed by the removal of a mass is filled with the 





Fig. z. — Diagrammatic sketch of pack intra-abdominally. 

bulk of the pack (Fig. i). The four edges of the rubber dam square are 
then gathered together and are brought out of the abdominal wound together 
with the inner gauze fold (Fig. i A). The pack assumes a sac-like shape 
with the neck at the abdominal wall (Fig. 2). One need not be concerned 
about the formation of a large intra-abdominal cavity with a relatively 
narrow opening, since it collapses rapidly within a few days after the entire 
pack is removed. (2) In the case of a deep, narrow, unperitonealized area, 
one edge of a rectangular piece of rubber dam is placed into the bottom of 
the area and folded over gauze packing, forming in appearance a large 
cigarette drain. 

In each case the inner gauze packing is removed gradually beginning the 
third or fourth postoperative day. The last portion of the pack and the 
rubber dam are usually removed between the eighth and the eleventh post- 
operative day. A large rubber tube or catheter is placed into the cavity 
formed by the pack, and irrigations are carried out as often as necessary 
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(i) Preliminary cecostomy. (2) Resection of carcinoma of the splenic flexure. Splen- 
ectomy. Large mass bound down to posterior and lateral abdominal walls and to 
splenic vessels. Separated from lateral wall by blunt dissection. In separation from 
splenic vessels, hemorrhage occurred necessitating splenectomy. Dissecting posteriorly, 
abscess was encountered. Mikulicz pack was inserted into hollow produced by splenec- 
tomy and removal of mass. Course: Dam removed on 8th day. Wound entirely healed 
in six to eight weeks. 

Case 4. — Mr. L. P., age 50. Diagnosis: Carcinoma splenic flexure. Operation: 
Mikulicz resection. Neoplasm splenic flexure, adherent to parietal peritoneum and to 
spleen. Large denuded area high in left colonic gutter filled with Mikulicz pack brought 
out through stab incision in left flank. Conrse: Uneventful. Pack removed nth day. 
Sinus healed in six weeks. 

Case 5. — Mr. E. L., age 59. Diagnosis: Carcinoma of the sigmoid. Operation: 
(i) Preliminary cecostomy. (2) Anterior resection of the sigmoid. Large mass three 
inches above peritoneal reflection, diffusely adherent to posterior surface of bladder 
and to posterior abdominal wall. Peritoneal floor only partially reconstructed. Mikulicz 
dam inserted into large unperitonealized area. Conrse: Packing began to be removed on 
5th day. Dam removed on loth day. Sinus healed in four weeks. 

Case 6. — Mrs. M. B., age 50. Diagnosis: Carcinoma of descending colon. Opera- 
tion: (r) Preliminary cecostomy. (2) Anterior resection descending colon. Large 
mass six inches above peritoneal reflection, firmly fixed to posterior abdominal wall. 
In freeing mass, fracture of the growth occurred, with extrusion of small amount in- 
spissated feces. Anterior resection performed. Large raw surface remaining after 
removal of mass. Course: One-half pack removed on 7th day; all removed on 8th day. 
Sinus healed in five weeks. 

Discussion . — ^The omentum often can be employed for covering denuded 
intra-abdominal surfaces. When its use is feasible no problem exists. In 
many instances, however, the omentum is short or rudimentary. Even when 
the omentum is well developed, it is sometimes difficult to use it satisfac- 
torily in covering a large area, especially in the upper colonic gutters. In 
addition, there is some risk of subsequent obstruction when the omentum 
is sutured to a fixed point. 

The modified Mikulicz pack accomplishes several things simultaneously: 
First, it serves as a framework for the immediate formation of a protective 
wall of granulating tissue. It has the effect of limiting the spread of in- 
fection from a given area by establishing a counter-reaction in which the 
surrounding viscera adhere and seal off the general peritoneal cavity. Second, 
it prevents the contact of the small intestines with an unperitonealized sur- 
face during the period in which the peritoneum is reacting to the trauma of 
mobilization and combatting the infection. Third, the pack acts as a drain. 
During the first few postoperative days, large quantities of serosanguineous 
fluid saturate the dressings. This fluid escapes about the imbrications of 
the rubber dam and acts as a continuous irrigation. The central gauze 
packing acts only as bulk and has little to do with drainage. 

When the pack is removed entirely on the eighth to the eleventh post- 
operative day, a clean, pliable, granulating surface remains. There is prac- 
tically no retention of purulent fluid at the bottom of the cavity. 

When faced with an adherent inflammatory mass, the surgeon frequently 
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has to decide whether to proceed with an extensive mobilization, or to be 
content with a palliative procedure. The risks of the first alternative are 
greatly lessened by the use of the Mikulicz pack, and more patients may 
be given a chance for cure. We are certain that the pack has saved the 
lives of man}’- patients who would have died of peritonitis and obstruction 
without it. 

We have not noticed any of the disadvantages of the pack mentioned in 
the literature. No herniae of the abdominal wound have been observed at 
the point of exit of the pack. This we attribute to the use of alloy steel 
wire in Avound closure. No enterocutaneous fistulae have occurred attributable 
to its use. There have been no residual abscesses or persistent sinuses. These 
must be guarded against by daily postoperative attention to the wound until 
the sinuses are completely filled in. 
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MANAGEMENT OF HYPERTHYROIDISM: THE USE OF 
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DuniiAM, N. C. 

FROM THE DEPARTMENT OK SURGERY, DUKE UNIVERSITY SCHOOL OF MEDICINE, DURHAM, N. C. 

The mortality in the surgical management of hyperthyroidism has been 
lowered to the level of a very safe surgical procedure since the use of iodine 
in the preoperative management of this disease. This serves primarily to 
reduce temporarily the degree of hyperthyroidism, so that the postoperative 
reactions are of a much milder degree. In this manner the principal cause 
of death in these cases is controlled. Still, there is a small group of severely 
toxic patients, in spite of the relative decrease in the basal metabolic rate, 
that have alarming postoperative reactions. It is in this group of cases that 
most of the deaths occur. As a result of these severe toxic reactions, patients 
succumb from the effect on the visceral structures. A well compensated 
heart or liver may be damaged to such an extent by a severe reaction that 
death results ; or moderate reactions may be enough to cause a fatality when 
associated with an already damaged heart or liver. This was demonstrated 
in this clinic by a recently reported study on the effect of infection on the 
liver of h)^perthyroid animals.^ 

In 1938, the Surgical Staff at Duke Hospital reviewed the results for 
the thyroidectomies for hyperth)u*oidism. The total mortality was found 
to be 6.94 per cent, and still more significant was the 15.6 per cent mortality 
in the nodular toxic group. In order to reduce this high figure, a more 
careful plan of preoperative management was instituted ; and a selected group 
of cases were operated upon in multiple stages. It was not found necessary 
to do any pole ligations, and all were undertaken as lobectomies. From this 
change in the management of these cases the mortality was markedly reduced. 

No radical change was made in the preoperative preparation other than 
more careful attention to the details in the management. The patients 
were placed in a private room at complete bed rest. Iodine and sedation 
along with a high vitamin, high caloric, high protein, and high carbohydrate 
dietary regimen was employed. Careful attention was paid to the cardiac 
and liver status and measures were instituted to prevent complications from 
poor function of these structures. In choosing the time for operation, the 
general condition of the patient, the pulse rate, and basal metabolic rate 
were all considered ; and as long as the patient showed improvement, operation 
was delayed. Some of the patients were prepared for as long as 21 days. 

Before 1938 an occasional case had been operated upon in multiple stages 
(243 per cent), with an interval of six weeks between stages. Because of 
the economic conditions of most of our patients, it was found that this method 
■was not satisfactory. On admission for the second operation the basal 
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metabolic rate was found to be about the same level as on the previous 
admission. The patients were difficult to follow and to get back to the 
hospital, because of the long distances they lived from the hospital. After 
reading the paper of McGraw,- in 1938, it was decided to use the short 
interval two-stage procedure with 10 to 12 days between each stage. 

McGraw reported 161 cases operated upon in multiple stages, with 10 
to 12 days between stages that included not only lobectomies but pole liga- 
tions. In this group there was a mortality of 7.5 per cent; but in the group 
that had lobectomies, there was only one death in 48 cases. The incidence 
of infection was very high (17 per cent for the 161 cases). McGraw did not 
report any marked reduction in the basal metabolic rate following the first 
stage. In 1939, Taffel and Harvey^ reported 52 cases operated upon at 
intervals of 5 to 15 days, with one death following the first stage. There 
were three infections in the group, one stitch abscess, one severe infection, 
and one infected hematoma. Following the first stage there was an average 
drop in the_basal metabolic rate of 14. Both of these clinics used the same 
incision for the second operation. 

By the use of careful preoperative management of hyperthyroid patients, 
we did not find it necessary to do any pole ligations but were able to perform 
a lobectomy at each stage. After using the method for a time many advan- 
tages were apparent, in addition to the ones already listed. We found that 
there was a lowering of the basal metabolic rate between stages, and, tech- 
nically, the operation was much easier at this time than at an interv^al of 
six weeks. With the use of ultraviolet radiatioir^ there were no infections 
in the group operated upon in two stages. 

It is difficult to describe the indications for a two-stage operation as so 
much depends on clinical observation and judgment. The evaluation of the 
patient on entering the clinic is the one factor that bears most weight, as 
has been stressed by Lahey.'"’ A second factor is the patient’s response to 
iodine, rest, and sedation ; as measured by the basal metabolic rate, pulse 
rate, weight, and_nervousness. A third factor is the status of the liver, 
cardiovascular system, and other organs. Other factors are the age, admission 
basal metabolic rate, duration of the disease, and mental changes. The 
decision in favor of a two-stage operation was made occasionally at the 
time of operation because of (1) a tachycardia under anesthesia as high 
as 180 to 200; (2) a high pulse pressure; and (3) a large consumption of 
oxygen. In summary, the two-stage operation was elected whenever the 
preoperative studies or the reaction of the patient to the operative procedure 
indicated the probability of a severe postoperative reaction. 

The operative technic was the same as has always been employed in 
the one-stage procedure. Silk was used throughout, using both subcu- 
taneous and cutaneous sutures. The incision was reopened for the second 
stage and again closed with silk. No drains were inserted at either operation. 

The change in handling the cases of hyperthyroidism at Duke Hospital 
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group gave a mortality of four per cent, but the mortality in this group is 
bound to be high as this is a select group of poor risk patients. The best 
interpretation of the results is the effect on the overall mortality of per- 
forming two-stage operations. 

Table IV shows the comparison of the basal metabolic rate of patients 
operated upon in one and two stages. The average basal rate was found 
to be plus 36.64 per cent in the cases operated upon in one stage as com- 
pared to plus 61.83 pel' cent average basal metabolic rate for the cases operated 
upon in multiple stages. Before operation the basal metabolic rate in the 
one-stage group fell to plus 18.52 per cent, as compared with plus 29.92 
per cent in the two-stage group. The age in the two-stage group averaged 
two years greater than the one-stage group. The two-stage cases had cardiac 
damage in 43.3 per cent, and liver damage in 6.5 per cent. 

Table IV 

COMPARlbON or THE AC.L 01' THE PATIENT AND THE B M. R.'fOR SINGLE AND MULTIPLE-STAGE OPERATIONS 

Performed After January j, i030 

Average B. M. R. 

Average B. M. R. Justi Before Average Age 
Operation on Admission Operation in Years 

One stage . . Pius 36.64% Plus 18.52% 35.28 

Two stages Plus 61.83% Plus 29.92% 37.2 

In all our cases there was a fall in the basal metabolic rate following the 
first stage to a level usually lower than the last pre-operative basal rate. 
The average for the group was plus 24.1 per cent when recorded on the 
8th to 10 postoperative day. All the patients were kept on iodine following 
the first stage operation. 


CONCLUSIONS 

Deaths following thyroidectomies for hyperthyroidism, in the majority of 
cases, are due to postoperative thyroid reactions. The incidence of severe 
reactions has been reduced by the employment of iodine in the preparation 
of these patients for operation. In a small group of seriously ill patients 
the operative mortality is still quite high as a result of thyroid crises. If 
the mortality for the entire group is to be reduced, then measures directed 
toward the prevention of these reactions is necessary. Our experience, since 
1939, has shown that careful and detailed preoperative care followed by 
use of two-stage operations in the more seriously ill patients will reduce 
the incidence and severity of thyroid crises. When this reduction in the 
postoperative reactions takes place, then the mortality falls. As one per- 
forms more operations in two stages there is a reduction in the mortality. 
The significant fact in the mortality figures is not the deaths in the two- 
stage operations, but the reduction in the mortality of all cases of hyper- 
thyroidism operated upon. 

A two-stage operation should be undertaken in all poor risk patients. As 
Lahey'' has stated, any patient that has a severe postoperative reaction 
should have been operated upon in two stages. At Duke Hospital we have 
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ECHINOCOCCUS CYST OF LUNG EXHIBITING UNUSUAL 
RADIOLOGIC AND SURGICAL FEATURES 

Clifford D. Benson, M.D., William A. Evans, Jr., M.D., 

AND 

Wolf W. Zuelzer, M.D. 

Detroit, Mich. 

FROM THE children’s HOSPITAL OF MICHIGAN AND WATNE UNIVERSITY, COLLEGE OF MEDICINF, DETROIT, MICH. 

Although echinococcus disease is rare in this country, it is common in 
Australia, Iceland and the Argentine. Next to the liver, the lung is the 
most frequent site of localization of hydatid cysts. Their location in the 
lung may be central or peripheric, and the latter type may increase in size 
to such an extent that contact with pleura occurs. With the extension to 
the pleura, pleural i^ain is of frequent occurrence and may be the only 
symptom causing the patient to seek medical aid. 



Fig I. — Radiograms exposed in postero anterior and right lateral projections showing the large 
ovoid mass of the hydatid vesicle separated from the capsule of the adventitia by a crescentic air space 
superiorlj and to a lesser extent inferiorlj. 

The case we are reporting is of particular interest as it illustrates a radio- 
logic manifestation which has been regarded by South American writers as 
a pathognomonic sign, and because of the unique surgical experience in 
treating the patient. 

Case Report. — R. DeL., white, male, age 12, had lived in Italy until coming to 
the United States in 1937. He was admitted to the Children’s Hospital of Michigan, 
March 16, 1942, complaining of a pain in the left side of the chest in the region of the 

268 


'^oluine ii7 
■dumber 2 

,,„e. ^ ""^^OCOCCUS 

lung 

fSS5"f&5.st:irt - 

<:''est posteriorly wfth o *alosed dolhe? """' “me fever^,, He wo, 

bio'/"'" ““ ““ rattr'"’"' ''“‘■W' “unds aod” “f » IT -o'"® 

St for syphilis were ‘^osinophiJig ti ^ ^o^tj'ne laboratn,- ’ ^ t^njpera- 

““SEi' .., ,„. .. ■ •“■ “' ■■“"•«£ 




the creation / 1 

t'on one week ht PP^'>'-ed. ° an artificial pneumothorax on ti l 

t'eneath the can ^°^towing the nrnrf • 

^ 4s:,e~' :;r d^"- ""srdr 

X';' 'HI p,e„„, i"!,;*' Dr. ClilorJ^^ «>= mass 

P“ate?olatrady“"’ 7 “®'' “ '“'''"'o "tppL^r^^^ *’“>>«% 

Op e.yploraH T cy!,“f “ P'™™ (Ffc'J’' ' *'■ '""taming- ttetta^" P 

membrane mere membrane"" „ii'r' °" '“"Pal lide^'A “^“""*<1 

269 exposed (Pfg. 


BENSON, EVANS, Jr., AND ZUELZER 


Annals of Surgery • 
February, 1943 


Film-like adhesions between the cyst and outer membrane were separated carefully, 
allowing the complete removal of the pulmonary cyst intact (Fig. 5). 

After tlie cyst was enucleated, a small bronchial fistula was seen in the depth of 
the adventitial pouch (Fig. 6). The outer membrane was e.xcised and the fistula and 
defect in the lower lobe were obliterated by suturing the pulmonary tissue in tlirec 
layers with interrupted chromic catgut. A Pezzar catheter was inserted in the 
eighth interspace and connected to a tube under water to allow for any drainage of 



Fig 3. — A. Demonstrates the surgical approach and relative position of the cystic 
mass. B. Operative sketch showing the left pleural cavity and cyst. Note the ad- 
hesions between the outer membrane and parietal pleura. 


A 


B 


fluid or air. During the operative procedure the patient received 300 cc. of blood and 
250 cc. of 5 per cent dextrose solution intravenously. The operative wound in the 
chest wall was closed in layers and healed per primam. The- postoperative course was 
uneventful, with gradual complete reexpansion of the lung. The catheter was removed 
from the pleural cavity, Afay 6, 1942, and the patient discharged from the hospital m 
good condition May 8, 1942. 
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inner layer lined with a sort of basement membrane On thin projections of this mem- 
brane the scolices were attached, like wine glasses on their stems. 

The second specimen consisted of a tough, firm, grayish-pink membrane, measuring 
II X 7 cm., varying in thickness from o.i to 0.4 cm. Both surfaces were rough and 
shaggy, and soft hemorrhagic thickenings were present on one side. 

On microscopic examination the surface of this outer membrane facing the cyst 
was composed of dense acellular fibers of collagen. Farther outward this membiane 
became slightly cellular and was loosely infiltrated with plasma cells, lymphoc3tes and 
occasional eosinophilic leukocytes. Theie were a few capillaries in this region and oc- 
casional cleft-like compressed spaces lined with cuboidal or columnar epithelium re- 
sembling the lining of bronchioles. In a few aieas the fibrous tissue of the membrane 
divided into two layers enclosing compressed, atelectatic alveoli. In several sections 



Fig s — Photograph of the intact c>st after removal 


the membrane had no outer limiting layer. In one section, however, lung tissue was 
attached to the outer surface of the fibrous membrane. The lumen of the alveoli was 
for the most part considerably reduced and there was fresh hemorrhage into many air 
sacs, probably incidental to the operative procedure. . The pleural surface of the lung 
was included on the side opposite the fibrous membrane. The pleura was thickened 
by fibrous tissue and in some areas there was considerable hemorrhage and exudation 
of fibrin on the mesothelial surface. Underneath the suiface the mesothelial cells had 
proliferated. 

DISCUSSION 

Pathologic Aspects. — The cyst was a typical hydatid echinococcus. The 
thin-walled cystic mass first removed was the parasite itself. The delicate 
friable walls represented the so-called brood membrane of the parasite proper 
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to which numerous living scolices were attached. The fluid had the charac- 
teristics of echinococcus fluid and contained large numl3ers of free living 
scolices. The tough outer memlirane. the adventitia, was formed by com- 
pressed, condensed and collagenized lung tissue with an inflammatory re- 
action. The surrounding alveoli Avere atelectatic and there AA’as an acute 
and chronic pleurisy in the overlying pleura. All these features Avere entirely 
characteristic of a hydatid Taenia echinococcus developing in the lung. 



Fig. 6. — Drawing of the outer membrane remaining after remo\al of the cyst showing the 
small bronchial fistula. 

Surgical Aspects. — An excellent revicAv of the history and development of 
the surgical treatment of pulmonary echinococcus cysts has recently been 
published in English by Arce.^ In the light of this material, the case Ave 
are reporting is of unusual interest in that it was possible to remove the 
entire intrapulmonary cyst intact. Furthermore, the fistulous communication 
betAveen a bronchus and the peric3'-stic space beneath the adventitia, Avhich 
accounted for the crescentic air chamber obserA'^ed radiographically, AA'^as 
clearly demonstrated. Finally, the bronchial fistula remained closed after 
the surgical repair of the pulmonary defect incident to remoA'^al of the cyst. 
Radiologic Aspects. — Echinococcus cysts of the lung, during the course 

273 



13ENS0N, EVAHS, Jr., AND ZUEL2ER Ann.i, of SurgotJ 

rcbruirj , injj 

of Iheir development and disintegration, exhibit an interesting variety of 
radiographic manifestations some of which are quite pathognomonic. The 
description of the radiographic appearance of pulmonary echinococcus dis- 
ease goes back at least as far as 1899, when Levy-Dorn and Zadek^ reported 
a case and differentiated between the simple unruptured cyst and one which 
had been evacuated. The classic description of a simple echinococcus cyst 
as a rounded shadow of uniform density and sharp outline in the clear pul- 
monary field is usually ascribed to M. A. Beclere (1903), 2 who considered 



Fig 7. — Photomicrograph of scohces obtained from the cystic fluid 


this picture as pathognomonic. However, in this stage of development of 
the cyst a positive radiologic diagnosis cannot be made, for differentiation 
may be impossible from neoplasms such as sarcomata, either primary or 
secondary, and occasionally chondromata and osteomata as well as carcino- 
mata, neurinomata and fibromata. Rarely, certain inflammatory granulomata, 
such as the gumma of syphilis, dermoids and other congenital cysts, lympho- 
granulomata and even aneurysms may produce a similar appearance. 

As the echinococcus cyst increases in size, the circular contour may be 
deformed through the resistance offered by the chest wall, the diaphragm or 
the bronchi. Escudero and later Nemenov^ observed that hydatid cysts in 
contrast to solid tumors may change their shape during respiration and 
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this manifestation is known as the sign of Esciidero-Nenienov. Large cysts 
tend to produce an enlargement of that portion of the thorax in which the)- 
lie with displacement of the mediastinal structures to the opposite side. This 
behaAdor is in contrast to that of tumors which are more apt to produce 
massive atelectasis and contraction of the chest and is referred to as the 
sign of Querilo-Walsch. Cysts, in contrast to aneurysms, do not produce 
erosion of bone. The outline of the cyst is not always sharp and particularly 
in older cysts there may be varying degrees of inflammation and atelectasis 
in the lung adjacent to the adventitia of the cyst giving an indistinct feathered 
outline. If the pleura is near the cyst a marked pleural reaction may develop. 
Although the adventitia may become very dense and sclerotic it rarely becomes 
calcified, in contrast to hepatic hydatids. 

As the cyst enlarges bronchial communication may develop in the adven- 
titia and upon coughing or other forceful expiration a small amount of air 
may enter the space between the membrane of tbe hydatid vesicle which is 
part of the parasite proper and the adventitia which is formed by the host. 
Like the pleural space, this space is originally present as a virtual one only. 
According to Deve,^ the great French authority on echinococcus disease, this 
manifestation of air between the membranes was first observed radiograph- 
ically by Zehbe,^’ in 1916. It was subsequently described by others but its 
significance and diagnostic importance was not appreciated until interest was 
aroused by the reports of Caeriro and Goyena," of Buenos Aires, in 1933, 
and independently b)'- Morquio, Bonaba, and Soto,® of Montevideo, in 1934. 
The latter group, which had observed five cases in about two years, gave 
the designation perivesicular pneumocyst to the phenomenon, and recognized 
that it was reversible. The parasite remains intact,- with no escape or altera- 
tion of the contents of the cyst fluid. Belot and PeuteuiF reported the condi- 
tion from Algiers, in 1936, as the “sign of detachment,” and there were other 
reports from Nguyen-Dinh-Hoang,^” Constantini and LeGenissel,^^ Guarini,’- 
Ivanissevich and Ferrari,^® Cantonnet Blanch, Charbone, and Barberousse,^^ 
Chifflet and Purriel,^^ Brun, Jaubert de Beaujeu and Bege,^® Andrade, 
Rivas and Gobich,^® and others. Ivanissevich and Ferrari^® were able to 
produce the condition experimentally by insufflating the trachea of a sheep 
afifected Avith pulmonary echinococcosis. Chifflet and PurrieP" obserA^ed that 
the sign may be brought out only on deep inspiration. Other terms used 
for the phenomenon are camara aerea or air chamber, calotte aerienne or air 
cap, crescent image, periparasitic emphysema, pneumoperihydatid and peri- ' 
cystic emphysema. The phenomenon is generally regarded as a rare mani- 
festation of, pulmonary echinococcus but quite pathognomonic Avhen it does 
occur. Constantini and LeGenisseP^ found it in only three of 100 cases 
revieAved b}^ them. Deve^ observed a similar picture in a case of aspergillosis in 
A\Fich a mass of fungi, a mycelial calculus, almost filled a large bronchiectatic 
abscess, leaving only a thin layer of air. The mass lioweA’-er did not have 
the hair-line sharpness of a hydatid A'esicle, and he regarded his case as “an 
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exception which proved the rule” concerning the pathognomonic validity of 
the sign. 

Although the phenomenon of pericystic air space is reversible, it usually 
indicates the imminent disintegration and rupture of the vesicle and the sub- 
sequent evacuation of the cystic fluid and membranes through a bronchus 
(“vomica”). This is well illustrated in the serial studies of cases reported 
by Constantini and LeGenissel.^’^ Presumably the detachment of the cyst 
results in impaired nutrition leading to the death of the parasite. As the 
fluid escapes from the cyst a fluid level is formed in the pericystic space and 
the brood membrane falls away from the adventitia and is recognized in 
the radiogram as an arch between the adventitia and the fluid level. This 
stage was first described by Gumbo, in 1921, hence known as Gumbo’s sign, 
later by Tillier,’^® in 1932, Blefari-Melazzi.-^* in 1933, and by Ivanissevich and 
Ferrari^^ who referred to the roentgen appearance as the “double arc sign.” 
Rivas and Gobiclfl® observed the “double arc sign” three times in 150 cases 
encountered over a period of about 20 years. 

When the cyst ruptures the fluid becomes infected, and the term pyopneu- 
mocyst is commonly used. As the vesicular membrane collapses further it 
becomes an irregular mass floating on the fluid. This produces the “sign 
of the camalote” (a South American river weed of the family of the Iridaceae, 
resembling a water lily) described by Segers-^ and Lagos Garcia, in 1924. 
Differentiation from the common pyogenic lung abscess may be difficult at 
this stage. According to Tillier*^ the recognition of the retained membrane 
and the slow movement of the fluid on change of position, which is due to the 
presence of the membrane rather than actual viscosity of the fluid, permit 
the diagnosis of echinococcus disease. A final manifestation is the expectora- 
tion of the cystic fluid and fragments of the membrane. The diagnosis can 
then be made upon identification of the booklets or the membrane. The entire 
parasite may be evacuated in this manner and a spontaneous cure result. 

SUAOIARY 

Successful surgical excision of an echinococcus cyst of the lung by a single- 
stage procedure is reported. The radiologic manifestation due to the pres- 
ence of air between the parasite and the adventitia was present. A small 
bronchial fistula accounting for the latter phenomenon was demonstrated at 
operation. The recognition of this radiologic sign will lead to early diagnosis 
of hydatid cyst of the lung and, if followed by surgical excision of the cyst 
intact, will eliminate complications due to the rupture of the cyst and multiple- 
stage operative procedures in an attempt to cure the disease. 
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EVOLUTION OF SPINAL FUSION 
M. B. Howorth, M.D. 

Ni:\v York, N. Y. 

FROM THU NEW YORK ORTHOPAEDIC DISPENSARY AND HOSPIT^VL, NEW A'ORK, K. Y. 

Discussion of the en'olution of spinal fusion must necessarily begin 
with the names of Russell Hibbs and Fred Albee, as these two men were 
the first to develop methods of spinal arthrodesis and to further the general 
use of these procedures by the orthoi^edic surgeon. Hibbs, in 1910, devised 
a method of using fragments from the spinous processes and laminae as 
a means of obtaining bon}' ankylosis, whereas Albee used a graft of free 
bone from the tibia of the patient. Hibbs had observed, in studying the 
pathology of tuberculosis of the spine after treatment with plaster en- 
casements or braces, that in many cases a spontaneous bony ankylosis of 
the lateral articulations and occasionally of the laminae and spinous processes 
had occurred. Sometimes even the vertebral bodies were found to be 
fused together. He oliserved, also, that this natural ankylosis was usually 
incomplete, sometimes including the joint on only one side, and usually 
lagging behind the tuberculosis as it advanced up and down the spinal 
column. Fie found that it took many years for the ankylosis to occur, and 
that it rarely resulted in complete healing of the disease. Hibbs reasoned 
‘that if the ankylosis could be produced operatively, safely, and more quickly 
than would occur by the natural process, that the complete splinting effect 
afforded thereby might result in more rapid and more certain healing 
of the disease. He stated : “One of the reasons why the disease is so per- 
sistent in its destructive effect on the bodies of the vertebrae is because of 
the motion which takes place between them, and while the various methods 
of treatment limit the motion, none absolutely prevents it. In the light of 
our present knowledge and experience the greatest need in the treatment 
of this disease, both from the standpoint of shortening its duration and pre- 
venting its deformity, is the perfection of a method which will absolutely 
immobilize the spine throughout the diseased area and make development 
of deformity impossible. The writer has done an operation for stiffening 
the knee joinR ... ”, which “led to the conception if the periosteum of the 
spinous processes was carefully removed, and the processes were divided 
at their bases, and placed longitudinally in the interspinous space touching 
with either end the base from which the processes were removed and then 
the periosteum brought back and sutured, a similar condition would be 
produced.”^ On January 9, 1911, after preliminary work on the cadaver, 
with the assistance and encouragement of George Huntington, of the De- 
partment of Anatomy of Columbia University, Hibbs performed the first 
spinal fusion on a living subject, a bo)' with tuberculosis of the spine. The 
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patient recovered from the operation without complication, bony ankylosis 
occurred, and, over a period of months, the tuberculous lesion healed. Hibbs 
reported the operation on this and two other patients on May 27, 1911 — 
“An Operation for Progressive Sisinal Deformities-” (Fig. lA). In this 
report he added : “. . . In the very )'’oung, however, I think it will be neces- 
sary to graft bone from the leg. This is a perfectly practical procedure.” 
Further, “. . . No case of lateral curvature has yet been done, but I pro- 
pose to do exactly the same operation, and if it is not sufficient, to do an 
arthrodesis between the lateral processes.- We see from these quotations 
how complete was Hibbs’ conception of the principles involved. 

In September of the same year, Albee'* reported three cases which he 
had treated in June and July by the use of a tibial graft implanted in 
the spinous processes. He stated : . . Previous to the herein reported 

cases, five patients were operated on and three or four spinous processes 
were split . . . and the lip of the lower half of the superior vertebra was 
then brought into approximation with the tip of the superior half of the 
next lower vertebra after green-stick fractures of each, and fastened with 
heavy kangaroo tendon. Chips of bone from the spinous processes were 
then placed in between so as to insure further ])one union between these 
vertebrae. This union has been satisfactory so far as can be ascertained, 
but on account of its uncertaint)' and the large amount of cartilage in the 
vertebrae of small children, with its slowness of union and early lack 
of support, it has seemed best to devise a procedure which would be pos- 
sibly more reliable and also give support from the beginning. These re- 
quirements can be fulfilled in no other way except by a strong bone graft. 
The different sources from which to secure a strong bone graft for an 
internal splint, which would give immediate support to the spine, were 
considered, and the crest of the tibia was selected as by far the most desir- 
able and accessible.” 

Hibbs'*’ operated upon 43 cases with tuberculosis of the spine in the 
first year. These cases were reported in April, 1912 (Fig. iB), and at this 
time Hibbs mentioned an extension of the operative procedure, stating 
that : “The space between the laminae is bridged by elevating a small piece 
of bone from the edge of the lamina, and placing it transversely across, its 
free end in contact with the lamina next below, with the gap between the 
spinous processes filled by their transposition. This makes me doubt the 
necessity for suturing the periosteum as I think bone becomes continuous 
and that a fusion takes place of the vertebrae operated upon.” He empha- 
sized here the complete subperiosteal dissection of the spinous processes 
and laminae as far laterally as the bases of the transverse processes. He 
further mentions suturing the periosteum of the spinous processes together 
on each side to close the gap produced by the interspinous ligament but 
questions the necessity for this step. FarrelP reported many additional 
cases in January, 1915. 
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In June, 1917, Hibbs^ reported eight cases in which the spinal fusion was 
used in scoliosis for the prevention of increasing deformity and improvement 
in the stability of the spine. The first of these operations was performed in 
1914. We note here the application of the suggestion made by Hibbs, in 
1911, regarding the treatment of the lateral articulations: “The first thing 
to be done is to curet the lateral articulations which lie at the base of the 
transverse processes and are easily reached in children and in most adults.” 

In June, 1918, Hibbs” reported 210 cases of spinal tuberculosis treated 
by the fusion operation, at which time he emphasized the use of special 
gauze packings to prevent bleeding and secure a clear field. Also, he pointed 
out that in the lumbar spine it was often desirable to split the spinous 
processes, turning portions of it upward and other portions downward, inter- 
digitating these fragments. Fifty-nine fusion operations for scoliosis were 
reported”" in January, 1924, and the further development of the operation 
described (Fig. iC). Thus we have the picture of the development of the 
fusion to include not only the spinous processes, but the laminae and lateral 
articulations, resulting in a solid mass of thick bone extending completely 
across the posterior surface of the spinal column. 

This early period should not be dismissed without mention of several 
other attempts at internal fixation of the spine. Hadra,® in 1891. had wired 
together the spinous processes in treating fracture. Lange,® in 1902, had 
begun to use steel rods sutured in the angles between the spinous processes 
and the laminae, and subsequently he used celluloid cylinders in a similar 
manner. Reporting his early work at the meeting of the American Ortho- 
pedic Association in 1910, he stated: “We must work for two things in 
our treatment of these cases ; first, we must put our braces under the skin, 
and second, we must shorten the time for recovery for our patients.” DeQuer- 
vain and Hoessly,^® in December, 1911, independently of a knowledge of 
Albee’s work, reported the use of the spine of the scapula as a free graft 
into the split spinous processes. At the same time they reported an inter- 
esting series of experiments on dogs. Gallic, in 1915, attempted arthrodesis 
b}'^ use of prepared beef bone grafts. 

Despite the several technics described, this early period was marked not 
so much by study of the technic of spinal fusion, as by discussion as to 
whether spinal fusion was justified at all. As the operation was usually 
undertaken upon children, the possibility of interference with growth of 
the spine had to be considered as well as that of production of deformity 
by fusing only the posterior elements of the spine. Some orthopedists feared 
that fusion would stop the growth entirely, while others said that the 
vertebral bodies would continue to grow, while the fused posterior portion 
of the spine would remain stationary. The latter course would have been 
a desirable outcome in cases of tuberculosis as it would have caused the 
correction of the kyphosis, but unfortunately this did not occur. It was 
found, over a period of years, that growth of the spine continued at the 
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normal rate after fusion, and that the trunk-leg ratio remained the same in 
these patients as in normal individuals, allowing for the effect of the kyphos. 
No one knew whether the spines of A'^ery young children could be fused. 
This doubt was probably due to failure to realize that the spinous processes 
and laminae are ossified, even in the infant, although the lateral articula- 
tions and tips of the spinous processes are largely cartilaginous. The young 
spines did fuse, however, and a successful fusion was accomplished on one 
infant at the age of eleven months, probably the youngest ever attempted. 
Fusions were undertaken also for jAatients past the age of 6o, again, with 
success. 

The presence of tuberculosis in and around the laminae and articular 
processes presented another problem. The bone chips often failed to unite 
in the diseased area, and at times were even extruded, and sinuses developed, 
while the disease continued to advance. Furthermore, many of the patients 
of that day, long sufferers, with marked deformities, had developed amyloid 
disease, chronic sinuses, spastic paralj'sis or complications which produced 
an unfavorable general or local situation. 

Many orthopedists feared that the traumatism of operation would stir up 
the disease and result in its spread as miliary tuberculosis or tuberculous 
meningitis. It was found, however, that the incidence of these compli- 
cations was far less during the months following operation than it had been 
in the patients treated without operation. The operative mortality in the 
first 20 years of the operation was only 1.4 per cent, whereas 15 per cent 
of the patients died of pre-existing tuberculosis elsewhere in the body, 

:modifications 

The second period in the evolution of spinal fusion may be characterized 
as one of modification. Perhaps the low mortality in cases described by 
Hibbs led to the impression that the operation was so simple that it could 
be learned through reading its description, or merely seeing it performed 
once. Lack of familiarity with the operation or lack of skill in its per- 
formance resulted in a high percentage of failure in the hands of some 
orthopedists, as a result of which the operation itself was in some quarters 
unqualifiedly condemned. Many of those who did not condemn or cease 
to employ the operation, sought to modify it foi the sake of simplicity and 
reduction of the operative risk in their hands. The portion of the operation 
which seemed to give the most difficulty was the approach to and treatment 
of the lateral articulations. Forbes,^^ 1^20, omitting the inclusion of the 
lateral articulations in the fusion, split each spinous process and lamina into 
several fragments instead of two or three as Hibbs had been doing. Radu- 
lesco,^® in 1921, reported a modification of the Albee procedure, in which 
half a rib, with periosteum attached, was used instead of a tibial graft. 
BroAvn,^'^ and also Kleinberg,!'^ in 1922, reported the use of beef bone grafts 
along with a partial fusion operation. Thomas,’” in November, 1923, reported 
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the use of an osteoperiosteal graft and what he described as “wafer chips.” 
Several operations extended the procedure beyond the posterior elements 
of the spine. Led by MacClennan/'^ who resected a portion of the vetrebral 
body for scoliosis, in 1922, and Royle,^^ who removed a hemivertebra in 
1928, Ito^® inserted bone grafts into slots in the vertebral bodies and re- 
ported a number of cases in 1934. Schede,-*’ in 1925, used a graft as a 
prop between the ilium and transverse processes and props have even been 
used between the ilium and the ribs. 

Most of these modifications were unnecessary, and some added an un- 
justifiable risk to the operation. The significant thing is that the spine was 
being fused. It matters not so much how a particular chip is laid or from 
whence a particular fragment of bone comes, but as to whether fusion is 
obtained, how quickly, and how strong. 

APPLICATION TO OTHER CONDITIONS 

A further development marked this second period — the application of the 
fusion to other conditions than tuberculosis and scoliosis. Hibbs,“^ in 1922, 
reported the use of the fusion in 22 cases of “fracture-dislocation of the 
spine,’’ the cases dating from 1916. The first one of the series was an 
unrecognized instance of spondylolisthesis, and represents the first applica- 
tion of the procedure to this anomaly. At least eight additional cases in 
this group had spondylolisthesis, but there were also cases of compression 
fracture of the spine. The operation was also applied to the other lumbo- 
sacral anomalies,-- such as the acute lumbosacral angle, posterior displacement 
of the fifth lumbar vertebra, transitional lumbosacral joints, and deformities 
of the lateral articulations. The first lumbosacral fusion for a mechanical 
condition was performed in October, 1914. It has also been employed in 
cases of round back, hemivertebra,-^ with or without partial resection, osteo- 
myelitis, occasionally in localized osteo-arthritis of traumatic origin, and, 
rarely, in other conditions. We have been doing the fusion in conjunction 
with removal of the ruptured nucleus pulposus since November, 1937. 

OPERATIA^E TECHNIC 

I he principle of the Hibbs operation has remained the same, but there 
have been several useful minor modifications. Hibbs devised a rasp which 
was driven into the lateral articulation for the purpose of scraping out the 
articular cartilage. It was found that even the rasp and curet usually 
did not effectivel}'- bare the articular surfaces. At the present time the 
articular cartilage with a little of the underlying cortical bone is removed 
witli a straight osteotome or one especially angled for the jiurpose. Usuall}^ 
the spinous process is removed and cut into long thin fragments which are 
eventually laid across the interlaminal spaces. If there is not sufficient bone 
at the site, as in some cases of spond3'lolisthesis or spina bifida, additional 
bone may be secured by removing neighboring spinous processes, or from ihc 

283 



M. B. HOWORTH 


Annals of Surgery 
Tebruary, 1943 

region of the iX)sterior superior iliac spine. The present procedure is, in 
general, as follows: A inidline incision is made through the skin and sub- 
cutaneous tissue, and skin towels are applied with Michel clips. The deep 
fascia and supraspinous ligament are incised, and, with a Kermison elevator, 
the ligament is stripped from the tip of the spinous processes. The inter- 
spinous ligaments are incised longitudinally. The periosteum is carefully 



Fig. 2. — Technic of Spinal Fusion: A. Elevation of periosteum from spinous processes and 
laminae with Kermison and sharp, curved elevators. B. Completion of subperiosteal dissection and 
stripping of posterior capsules with “chisel” elevator. C. Dissection of interspinous ligament and 
posterior two-thirds of ligamentum flavum with curets, baring margins of the laminae and spinous 
processes. D. Excision of articular cartilage and subjacent cortical bone with straight or angled 
osteotome. E. Gouging of chips, into articular gap, subjacent fossae, and interlaminal spaces. The 
operation is completed by turning or placing the fragments from the spinous processes longitudinally 
from lamina to lamina. F. Removal of spinous processes. (This step is done in various ways and 
at various periods by different operators.) 

Stripped with sharp periosteal elevators from the spinous processes and 
laminae, far enough laterally to completely expose the lateral articulations 
(Fig. 2, A to F). This exposure is sharply limited, however, as there are 
usually blood vessels just beyond the lateral articulations which may be trou- 
blesome if opened. Further dissection may often be simplified by removal of 
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Fig. 3. — Specimens showing successive stages of the spinal fusion 
operation. A. Thoracic Spine" Subpeiiosteal dissection of spinous processes 
and laminae, excision of interspmous ligaments and ligamentum fiavum; 
excision of posterior articular capsules; excision of articular cartilage, 
insertion of bare chips in articular gap; chips turned across interlaminal 
spaces from laminae and spinous processes B Lumbar Spine The same, 
showing also the spinous processes cut into several fiagments and placed 
across the lumbosacral joint, on the light, 

tlie spinous processes at this stage. An assistant can be detailed to cut them 
into proper fragments or they may be split longitudinall}'’ before their removal. 
Next, the ligamentum flavum is largely removed, leaving only a thin anterior 
layer. This may be done very simply with a sharp curet by cutting its at- 
tachment to the superior margin of the distal lamina, then cutting it from 
the inferior margin of the proximal lamina, which overhangs it, and peeling 
it away from its most anterior layer. It is quite important to carefully 
remove all the ligament from the little fossa subjacent to each lateral articu- 
lation. The articulation is then denuded of cartilage and cortical bone with 
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osteotome and caret, with iDarticular care to include all of the articular surface 
in the cup-shaped or oblique articulations, but to avoid penetration of the 
instruments or fragments of cartilage into the intervertebral foramen. A 
small fragment of bone is turned u]) with a gouge and jammed into the gap 
between the articular processes, and the whole fossa is bared of cortical bone 
by gouging up successive small chips which are locked together to form a 
small compact mass filling the fossa. Some operators prefer simpl}^ to insert 
a fragment of bone from -the spinous process into the interarticular gap and 
do not thoroughly denude'- the articular cartilage or the fossa, which we 
consider the most crucial point in the fusion. Next, chips are cut with the 
gouge from the laminae and turned across the interlaminal spaces, inter- 
digitating, and left attached at their bases as much as possible. Then the 
longer fragments from the spinous processes are laid longitudinally across 
the interlaminal space (Fig. 3 A and B). If the chips are simply dumped in 
like jackstraws, to lie in any direction and any location, the chances of 
pseudarthrosis are greatly increased. The careful placement of these chips 
is of greatest importance. 

Finally, closure is made carefull}' and in anatomic layers. The periosteum 
and muscles are snugly sutured over the chips so as to obliterate any poten- 
tial dead space, which might permit a large hematoma and allow displacement 
of the chips. The interspinous and supraspinous ligaments are then sutured, 
and finally the fascia and subcutaneous tissue, and the skin. 

POSTOPEK.mVK CARE 

The postoperative care depends somewhat upon the condition for which 
the operation is undertaken. The general care of the patient is important, 
including adequate calcium and phosphorus, vitamins, and transfusions or 
iron if anemia is present. The chief feature of postoperative care is proper 
immobilization of the spine by bed rest and a brace or plaster jacket until 
the fusion has become sufficiently strong to support the weight of the trunk, 
and ordinary body movements. The patient is placed on a bed with a firm 
mattress and fracture board. Those with scoliosis are operated upon through 
a fenestrated plaster jacket, and the jacket is then reinforced. Other cases 
have a Taylor brace applied. Turning by the nurse is permitted, on the 
side, prone or supine, usually on a four-hour schedule. The patient is 
turned in such a way as to move the trunk eu masse. Patients with a simple 
lumbosacral anomaly or compression fracture are kept in bed for about six 
weeks and wear the brace for a total of four months. Patients with spondylo- 
listhesis, scoliosis, or tuberculosis remain in bed about 12 weeks. Those 
with scoliosis wear a jacket for an additional three to six months, while 
the others wear a brace for a somewhat shorter period. These patients 
return to their regular activities within three months to one year following 
operation, depending upon the original condition, the progress of the fusion, 
and the character of the patient’s activities. 
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COMPLICATIONS 

It is to be expected that there will he an occasional failure of fusion, 
just as there are failures of union in the treatment of fractures, in osteo- 
tomies, and in bone grafts. However, these failures should he minimal and 
it should he realized and admitted that if they represent any appreciable 
percentage of tile total number of cases, they must be ascribed to the technic 
of the operation and the postoperative immobilization. For example, during 
the five years 1931 to 1935, inclusive, more than 600 spinal fusions were 
done for all causes at the New York Oi'thopaedic Hospital. These opera- 
tions were performed by the House Staft, Fellows, and Attending Surgeons. 
One or more psuedo-arthroses occurred in 14 per cent of the cases, nearly 
all of which were subsequently repaired. The largest number of failures. 
18 per cent, was found in the group of spondylolistheses, while the lumbo- 
sacral fusions failed in onl}^ eight per cent, and in the fracture cases — none. 
It has been repeatedl}^ demonstrated by clinical examination and roentgeno- 
grams, by subsequent operations, and occasionally by necropsy, that fusion 
can be accomplished in a large percentage of cases. It is futile, at the present 
time, to ascribe failures to the patient’s “refusal to grow bone," or to the 
character of the operation. The operative mortality in more than 3,000 
fusions at the New York Orthopaedic Hospital during the period 1911 
through 1937 has been 0.6 per cent, whereas there has been no death from 
the operation since March, .1935. Thus, it is seen that the operation need 
not carry an appreciable risk to the life of the patient. 

INDICATIONS 

The indications for the operation may he summarized as follows, assum- 
ing a surgeon capable of properly performing the operation and an insti- 
tution suitable for the care of the patient: 

1. Tuberculosis; The treatment of choice at all ages, unless complete 
spontaneous natural fusion can be demonstrated, or the general condition 
of the patient or complications preclude the operation. 

2. Scoliosis : In children with rapidly progressive deformit}^ or deformit}’ 
with decompensation which can be corrected sufficiently to warrant fixation ; 
in adults, occasionally for relief of pain. 

3. Spondylolisthesis: All cases in the lower lumbar region unless contra- 
indicated by age or the general condition of the patient. 

4. Other lumbosacral anomalies; Pain of long duration, of modei'ate or 
great intensit}^ frankly due to the anomaly and unrelieved h}'^ other 
treatment. 

5. Rupture of nucleus pulposus: Many of these joints are unstable pri- 
marily, and should be fused upon removal of the nucleus, preferably without 
laminectomy. 

6. Compi-ession fracture of the spine and some dislocations : As a mean.s 
of maintaining reduction, hastening convalescence, and preventing pain. 
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7. With laminectomy : When indicated with a coincident orthopedic con- 
dition, or an extensive procedure. 

R. Special indications in certain other condition.s. 

C-ONfLUSrONS 

The effects of the operation should be clearly understood. A fusion 
may hasten and assure healing of tuberculosis and perhaps sometimes other 
infections, by completely immobilizing the diseased section of the spine. 
Progressive deformity due to tuberculosis, scoliosis, and spondylolisthesis 
may be prevented. The establishment of fusion for this purpose in cases 
of round back or hemivertebrae is open to question. In scoliosis and frac- 
ture. fusion may be the best or only means of maintaining correction of 
deformity. We do not attempt, and advise against, attempting to correct 
the deformity in tuberculosis. Fusion may l:)e used for the relief of pain iii 
the luinhosacral anomalies as well as all of the conditions just named. In 
many cases it may not only aid in the cure of the disease, the arrest or 
correction of deformity, and the relief of pain, but may be the quickest and 
most economical method of relief, in this way offering a financial advantage 
to both patient, hospital, and community. Thus, we see that spinal fusion 
has evolved during the past 30 3'ears from a “radical” procedure in the 
treatment of tuberculosis, to a well established operation employed for a 
number of abnormalities of the spine. It is not a panacea, but in properly 
selected cases, and in skilled hands, fusion offers little risk and the possi- 
bility of great benefit to a large number of patients. 
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STENOSING TENDOVAGINITIS AT THE RADIAL STYLOID 
(DeQUERVAIN’S DISEASE) 


Philip C. Potter, M.D. 
New York, N. Y. 


Till- PURPOSE OP THIS PAPER is to call attention to the existence of a 
relatively common and extremely disabling condition, first described in 1895 
it^ DeQuervain. M3' interest was aroused when, some five 3'ears ago, 
I encountered my first case of stenosing tendovaginitis at the radial stylo'id. 
In speaking to other surgeons of this condition I have been surprised to find 
that many were unaware of its existence. No credit is claimed for original 
observations, but it is felt that a useful purpose can be served by once again 
presenting the facts and thereby drawing attention to a disease entity which 
it seems is frequently overlooked. 

DeQuervain’s original article,^ paints the picture so clearly that I shall 
quote from it at some length; “Although chronic disease involving tendon 
sheaths is most frequently construed as tuberculosis, there- are types which 
neither from the clinical picture nor from the anatomic findings should be 
placed in this category. Among these may be mentioned tendovaginitis 
chronica sicca, tendovaginitis prolifera urica, and serous nontuberculous 
tendovaginitis. Chronic nontuberculous tendovaginitis has seldom called for 
surgical intervention, and is mentioned in most textbooks briefl}', if at all. 
It, therefore, seems proper to discuss a condition which, although still be- 
longing to the first type, tendovaginitis sicca, deviates in some important 
respects from the exact picture and in which surgical treatment has proved 
extremely beneficial. Through the kindness of Dr. Theodor Kocher I was 
given the opportunity to observe and to operate upon my first case when 
I was his assistant in the Surgical Clinic in Bern. Frau L., who occupied 
herself with housekeeping and woodgathering, noticed, in October, 1893, 
that the moving of her right thumb had gradually become painful. The 
pain was localized chiefly over the distal end of the radius and radiated 
up the forearm. The pain was sometimes so severe that she was unable to 
make grasping motions. There had been no swelling or other signs of in- 
flammation. Despite massage with spirits of camphor and the application 
of heat, the pain had increased so that, in February, 1894, she came to the 
Surgical Clinic. The findings at her first visit were as follows: There was 
no sign of tuberculosis, syphilis or gout in the entire body. Motion of the 
right thumb was painful. Palpation revealed a slight thickening over the 
common sheath of the extensor pollicis brevis and abductor longus muscles. 
This sheath was keenly sensitive to pressure. There was no crepitation. It 
appeared that the condition might well result from a thickening of the sheath 
o,f the extensor pollicis brevis and abductor longus tendons, firmly encased 
as it is by the fibers of the dorsal carpal limament, and that the functional 
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disturbances were due to increased friction in this region. Assuming a 
stenosis of the sheath, on March 7, 1894, under cocaine anesthesia, I 
removed the common sheath of the extensor brevis pollicis and abductor 
longus. The sheath was slightly thickened. Otherwise it appeared normal, 
as did the bone. Following operation there was no further pain and full use 
of the thumb returned in a few days. A report, March 7, 1895, stated that 
the patient had remained completely cured.” DeQuervain described four 
similar cases, all promptly relieved by operation. 



Fig. I. — Shows the tendons of the abductor longus and extensor brevis pollicis passing upward 
beneath the dorsal carpal ligament. It is this portion of the ligament which is divided at operation. 


DeQuervain’s disease first appeared in American literature in 1927, in 
an article by Stein.- He reported five cases and described a similar condi- 
tion involving the tendon of the extensor carpi ulnaris which passes through 
the fifth radial compartment. In 1928. Schneider^ reported 15 cases of his 
own, and referred to an article by Alfons Eschle. of Basle, who, in 1924, 
collected no cases from the foreign literature, to which he added 19 personal 
cases. In 133 of these cases, where the sex was known, there were 119 
females and 14 males. In 1930, FinkelsteiiF reviewed the subject thoroughly 
and added 32 cases from the Hospital for Joint Diseases. In 1935. W. M. 
Brown'* reported the first case to appear in the British literature. This 
patient was cured after 18 weeks in plaster. This was followed, in 1936 
by an article by Burns and Ellis® in the Lancet. They reported 28 personal 
cases. In the same year, Patterson^ reported six cases from the Bridgeport 
Hospital. In 1938. Keyes® read an excellent paper before the Surgical 
Section of the New York Academy of Medicine. He reported one personal 
case, and referred to a second, a patient of another surgeon. This was an 
anesthetist who conti'acted the disease in his left hand as the result of 
gripping an ether mask for long periods of time. He continued his work 
while under treatment and within a short time the right hand became in- 
volved. In 1938. an article by Cotton. iMorrison and Bradford'* appeared, 
and in the following year a report by Diack and Trommald.’® In 1941. 
C. F. Wood” stated that in a careful review of the literature he had been 
able to find 250 cases reported up to the year 1938. Inasmuch as some 
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confusion exists in regard to so-called “snapping finger’’ (doigf a ressort) 
and true stenosing tendovaginitis, I shall include two excellent references 
which fully describe the former condition — Compere, and Zelle and 
Schnepp.’’'* 

The tendons of the abductor longus and extensor brevis pollicis pass 
through a shallow groove on the outer surface of the styloid process of 
the radius. The tendons at this point have a definite sheath which is in 
close contact with the dense fibers of the dorsal carpal ligament (Fig. i). 
If the interphalangeal joint is flexed and the thumb actively abducted and 

draAvn toward the ulnar side it will be 
noted that the tendons of the abductor 
longus and extensor brevis pollicis, 
while lying parallel in the groove of 
the radius, thereafter promptly di- 
verge toward their insertions, the 
base of the metacarpal and the base 
of the proximal phalanx of the thumb 
respectively (Fig. 2), It will like- 
wise be noted that in full abduction 
these tendons exert a considerable 
pull on the distal end of the radial 
compartment, and that the direction 
of this pull is at right angles to the 
long axis of this compartment. The 
tendon sheath is thus squeezed between the dorsal surfaces of the tendons 
and the dorsal ligament. 

The exciting cause may be acute trauma. More frequently DeQuervain’s 
disease is the result of sustained or oft repeated active adduction from a 
position of the extreme abduction.* The pathology found at operation 
varies. Most authors agree that there is a thickening of the sheath and 
of the overlying dorsal ligament, with a resulting constriction of the tendons. 

In some cases there have been signs of inflammation, as evidenced by the 
presence of fluid within the sheath and by a roughening of the tendon surfaces. 

In the writer’s cases the outstanding finding was a marked thickening of that 
portion of the dorsal carpal ligament which overlies the sheath. This thicken- 
ing decreased the diameter of the canal to such a degree as to interfere with 
the smooth action of the enclosed tendons. In one case there was a localized 
thickening of the ligament which had resulted in an hour-glass deformity 
of the tendons. It is possible that the primary pathology may well be 
limited to the dorsal ligament and that the variations from the normal which 
are encountered in the sheath and tendons are secondary to this. Sections 

* Although the writer has not seen a report of stenosing tendovaginitis resulting 
from the operation of firearms, the causative factor is present in the handling of a gun 
over a prolonged period of time. 



Fic. 2. — Shows the tendons of the abductor 
longus and e-xtensor brevis pollicis. It will be 
seen that these tendons come together at an angle 
to pass upward beneath the ligament. 
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of excised ligaments have shown dense fibrous tissue with sometimes a mild 
degree of round cell infiltration. 

The diagnosis is not difficult. The chief complaint is pain on moving 
the thumb. There is often a definite history of clironic trauma — bottle 
corking, piano playing, crocheting, boxing, and. in one of my cases, the 
holding of an artist’s palette for hours at a time. There may or may not 



Fig. 3. — Shows deformitj' of right wrist caused by thickening of the dorsal enrpal 
ligament. This is not a constant finding. 


be discernible .swelling in the region of the canal (Fig. 3). There is acute 
tenderness over the radial styloid. An excellent diagnostic sign, as pointed 
out by Finkelstein, is the following : The patient’s thumb is placed in the 
hollow of the palm and grasped by the remaining fingers (Fig. 4). With the 
hand in thib position even slight forced ulnar deviation at the wrist will 
produce excruciating pain. Roentgenograms are universally negative. Under 
differential diagnosis must be mentioned old fracture of the carpal scajdioid, 
fibrinous tenosynovitis involving the sheath of the extensor longus pollici.s. 
rheumatoid and gonorrheal arthritis, “snapping finger,” and sprain of the 
internal lateral ligament of the wrist joint. 

Treatment consists in longitudinal division of that jwrtion of the dorsal 
carpal ligament which overlies the sheath. This will in all probability be 
sufficient. In some cases which have been reported it has seemed wise to 
excise portions of the ligament or the sheath, or both. A few cures following 
conservative treatment (plaster of paris for from 6 to 18 weeks) have been 
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reported. Many have been treated conservatively, to no avail, and have 
subsequently been operated upon. 

1 he technic is as follows : Under novocain anesthesia, and with or with- 
out a tourniquet applied to the upper arm, a longitudinal incision, one and 
one-quarter inches in length, is made. The lower end of this incision coi- 
respoiKls to the proximal and radial angle of the anatomical snuff box, and 



Fig 4 — In stcnosinjr tendovaginitis c\cn sliglit, forced ii)n xr deviation 
^\lth the hand in tins position causes extreme pain 

is continued upward just to the ulnar side of the tendon of the flexor brevis 
]jollicis. A small branch of the radial nerve and a vein, which cross the 
line of incision, must be recognized and avoided. A transverse incision 
may be employed at the level of the styloid process. This will result in a 
less noticeable scar, but care must be taken not to injure the radial artery 
The dorsal ligament lies directly beneath the subcutaneous fat and that por- 
tion which covers the sheath is easily recognized when the thumb is forcibly 
abducted. The ligament is divided from above downward. This may be 
done by inserting the point of a No. n Bard-Parker blade beneath the 
upper edge of the ligament and cutting distally with the sharp edge away 
from the tendons. The contents of the canal can now be examined and, if 
thought necessary, a portion of the ligament, sheath, or both, can be ex- 
cised. The superficial fascia is closed with fine silk or plain catgut and the 
skin with interrupted fine silk. It has been my custom to apply a light 

294 



Volume 117 
Number 2 


DeQUERVAIN’S disease 


basswood splint to be left in place for two or three days. This not only 
minimizes discomfort, but hastens healing and is a safeguard against 
infection. 

During the past five years I have operated upon eight cases of DeQuer- 
vain’s disease, six at the Doctors' Hospital and two at Bellevue Hospital. 

ABBREVIATED CASE REPORTS 

Case I. — Z. H. T. A woman, age 65. Duration of symptoms — si.K montiis. 
Causative factor— crocheting. Typical signs. X-ray negative. Operation May ’5. 
1937. Pathology — localized thickening of dorsal ligament at its center, producing hour- 
glass constriction of tendons at that point. Sheath thickened. Procedure — division 
of dorsal ligament. 

Case 2. — ^J. H. A man, age 28. Duration of symptoms — three months. Causa- 
tive factor — bo.xing. Typical signs. X-ray negative. Operation January" 21. 1938. 
Pathology — thickening distal half of dorsal ligament. Slight thickening of sheath. 
Tendons normal. Procedure — division of dorsal ligament. 

Case 3. — F. S. A woman, age 67. Duration of symptoms — three weeks. Causa- 
tive factor — holding painter’s palette for long periods of time. Typical signs. X-ray 
negative. Operation October 16, 1939. Pathology — diffuse tliickening of dorsal liga- 
ment with thickening of sheath. Procedure — division of dorsal ligament. 

Case 4. — L. P. A woman, age 38. Duration of symptoms — three months. 
Causative factor — undetermined. Typical signs. X-ray negative. Operation No- 
vember 8, 1939. Pathology — diffuse, thickening of dorsal ligament. Sheath thin-walled 
and contained a quantity of clear • fluid. Tendons normal. Procedure — division of 
dorsal ligament. 

Case 5. — A. G. A man, age 55. Duration of symptoms — one month. Causa- 
tive factor — machine work. Typical signs. X-ray negative. Operation June 19, 1941. 
Pathology — diffuse thickening of dorsal ligament. Moderate amount of clear fluid 
in thickened sheath. Procedure — division of dorsal ligament. 

Case 6. — G. A. A woman, age 50. Duration of symptoms — ^two months. Causa- 
tive factor — housework. Typical signs with noticeable swelling over sheath. X-ray 
negative. Operation June 24, 1942. Pathology — diffuse thickening of dorsal ligament. 
Procedure — division of dorsal ligament. This patient is recovering slowly owing to 
an associated arthritis. 

Case 7. — A. H. A woman, age 35. Duration of symptoms — seven months. Causa- 
tive factor — stenography. Typical signs with noticeable swelling. X-ray negative. 
Operation July 31, 1942. Pathology — diffuse thickening of dorsal ligament with in- 
creased fluid Avithin sheath. Procedure — division of dorsal ligament witii c.xcision 
of edges. 

Case 8. — A. M. A nurse, age 30. Duration of symptoms — one week. Sudden jiain 
developed in the process of drawing a sheet tightly across a bed. Typical signs. X-ray 
negative. The hand, wrist and forearm were immobilized for one month witliout 
benefit. Operation October 8, 1942. Patholog}' — moderate thickening of the dorsal 
ligament, thickening of sheath with excess fluid. Procedure — division of dorsal ligament. 

CONCLUSIONS 

DeQuervain’s disease, or slenosing tendovaginitis at the radial sljdoid. 
is a relatively common but frequently overlooked condition. The symptoma- 
tology is definite. The surgical treatment is simple and uniformly successful. 
It is hoped by once again describing the outstanding characteristics of this 
disease that it will be more frequently recognized. 
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TRENDS IN GENERAL SURGERY 

REVIEW OF FIVE YEARS SURGICAL EXPERIENCE AT HARPER HOSPITAL 

M. J. Thorstad, M.D., H. C. Saltzstein, M.D., 

AND 

A. D. McAlpine, M.D. 

Detroitj Mich. 

FROM THE SURGICAL SERVICE, HARPER HOSPITAL, DR. A. D. MCALPINE, SURGEON IN CHIEF, DETROIT, MICH. 

Harper Hospital is a 6 oo-bed general hospital of which approximately 
250 beds are devoted to general surgery. There are no general surgeons 
on the hospital staff. Twelve surgeons perform two-thirds of all the major 
general surgery. This is preponderately a private institution as only ten 
beds are set aside for Staff general surgery, done by the resident surgeon 
under the supervision of an attending surgeon. Five beds are similarly 
assigned to Staff gynecolog}'. 

The present communication is a review of the total surgical statistics 
for the five-year period from 1937 to 1941 . The aim is to present the 
average situation in a general hospital of this type, as indicating the risks 
in operations, and a few of the trends in general surgical practice. No 
attempt is made to present an exhaustive discussion of each group of surgical 
procedures. 

A comparison of the total surgical admissions, the total major operations, 
and the operative mortality rates for the five-year period, is shown in 
Table I. 


Table I 


TOTAL OPERATIONS AND MORTALITY RATES 


Surgical admissions 

Major operations* 

Operative deaths 

Per cent operative mortality ratet 
Nonoperative deathsj 


1937 

1938 

1939 

1940 

1941 

10.014 

9,016 

8,754 

8.407 

11,125 

3,755 

3,600 

3,509 

3,891 

4,233 

178 

98 

no 

108 

128 

.4.8% 

2.7% 

2.3% 

2 .8% 

3.0% 

93 

82 

59 

66 

68 


♦Major operations include the following surgical procedures: All abdominal operations, thyroidectomy, 
mastectomy (simple and radical), thoracic surgery, nephrectomy, herniorraphy, extensive perineal repair, 
prostatectomy (suprapubic and transuretheral), repair of wound disruption, major orthopedic operations, 
amputation of extremities, mastoidectomy, Caldwell-Luc operations, radical frontal operations, and neuro- 
logic surgery. 


The hospital practice is to list the following operations as minor procedures: Surgery of the eye. adenoid- 
ectomy, tonsilectomy, submucus resection, bronchoscopy, tracheotomy, biopsy, simple perineal repair, in- 
cision of abscess, diagnostic curettage, hemorrhoidectomy, polypectomy, fistulectomy, hydrocelectomy, 
epididymectomy, orchidectomy, dental surgery, suturing of tendons and lacerations, and closed reductions 
of fractures. These cases have not been included in the statistical data. 

tDuring this five-year period the mortality rate for all major surgery has averaged approximately 3.2 
per cent. 

JNonoperptive deaths include all deaths occurring on the Surgical Service upon whom no operation was 
performed. Of the 68 nonoperative deaths during 1941, two-thirds were due to carcinoma of various organs, 
brain tumors, sarcomata. Hodgkin's disease, and cirrhosis of the liver. The remainder of the deaths were 
the result of burns, uremia, cerebral apoplexy, ruptured kidney, leptomeningitis, skull fractures, fractures 
of femur, influenza, pneumonia, hemorrhage from intestinal tract, etc. 
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The autopsy rate for 1941 is low (Table II). There is a very con- 
certed effort being made to raise the percentage rate for 1942. In a 
piivate hospital, the intern staff must receive the wholehearted support of 
the attending physicians to obtain permission for postmortem examinations. 


Table II 

AUTOPSY STATISTICS, 1941 


Total autopsies for 194 1 

Surgical autopsies 

Medical autopsies 


No. of Cases 
170 
83 
87 


Per Cent 
of Total Deaths 
34.5% 
42.0% 
30.0% 


SUUGEUY OF THE APPENDIX 

During 1941 there were 1502 appendicectomies performed at Harper 
Hospital, i.e., 35.5% of all major operations. This disease stands out as the 
most common condition for which surgical intervention is undertaken. 

In Graph I we have attempted to show certain trends in the surgical 
aspects of appendicitis during the past five years. The following conclusions 
can be drawn : 

(1) There has been an increase in the total number of appendicectomies 
performed during this period. 

(2) The total mortality rate for appendicitis and its complications treated 
surgically has fallen to the low mortality rate of 0.3% in 1941, or five deaths 
in 1502 operations. 

(3) In 1941 there were 41 operations for acute appendicitis, with either 
abscess or generalized peritonitis. There were no deaths among these 
patients. This indicates a very -significant advance in the treatment of this 
disease. 

(4) The number of cases of appendicitis, with peritonitis, submitted to 
surgery has increased while the number of j^atients with abscess formation 
has decreased. There is apparently a definite tendency toward earlier opera- 
tion in ruptured appendicitis without waiting for a localization of the in- 
fection and abscess formation. 

A more detailed analysis of the appendicectomies performed in 1941 
is illustrated in Table III. 

Analysis of the five deaths following aj^pendicectoiny during 1941 arc 
listed as follows: 


Table III 


CLASSIFICATION OF APPENDICECTOMIES, 1941 


Acute uncomplicated appendicitis 

Subacute appendicitis 

Interval and chronic appendicitis 

Acute appendicitis, with abscess 

Acute appendicitis, with peritonitis 

Carcinoid of appendix 

Appendicectomy in conjunction with other operative procedures 


No. of Cases 
240 
40 
701 
8 
33 


1 

479 


1502 


Deaths 

0 

0 

2 

0 

0 

0 

3 


S. . . .0.3% 
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a. Two deaths listed as chronic appendicitis : ( i ) An appendicectorayowas 
performed on a 19-year-oId white female, who was five months pregnant. 
She died 36 hours postoperatively from an acute massive bilateral pneumonia 
and pulmonary edema secondary to a weakened heart. No autopsy was 
obtained. Pathologic Report: Chronic catarrhal appendicitis. (2) '.'A. 52- 
year-old Polish male, who could speak no English, was admitted to Harper 
Hospital with generalized abdominal cramps, diarrhea, and nausea of nine 
days duration. An appendicectomy was performed in conjunction with sever- 
ing of peritoneal bands at the terminar ileum. The patient died on the fifth 
postoperative day. Autopsy revealed an acute toxic hepatitis, cerebral con- 
gestion, and hemorrhage into the great mesentary. Pathologic Report: Chronic 
catarrhal appendicitis. 


APPENDECTOMY 
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b. Three deaths listed “Appendicectomy with other operations” : ( i ) 
Cholecystectomy and appendicectomy were performed on a 36-year-old white 
female. She died 48 hours postoperative!}^ of an extensive bilateral pneu- 
monia, suggestive of an aspiration type and an old rheumatic heart disease. 
No autopsy was obtained. Pathologic Report: Chronic catarrhal appendicitis. 
(2) An appendicectomy was performed on a 71-year-old white male, in con- 
junction with a repair of a strangulated right inguinal hernia. The patient 
died on the twenty-ninth postoperative day of a probable pulmonary infarc- 
tion, and arteriosclerotic heart disease. No autopsy was obtained. Patho- 
logic Report: Chronic catarrhal appendicitis. (3) A transuretheral prosta- 
tectomy was performed upon a 58-year-oid white male. Three weeks later 
he developed acute abdominal symptoms, diagnosed as acute appendicitis, 
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Appeiidicectomy was performed, and the patient died 13 days postoperatively. 
Autopsy diagnosis was pulmonary edema and acute tubular nephrosis. Patho- 
logic Report: Chronic catarrhal appendicitis. 

In summarizing the causes of death in the above five patients none were 
due to intra-abdominal complications : The causes of death are listed below : 

(1) Massive pneumonia during pregnancy. 

(2) Toxic hepatitis. 

(3) Aspiration pneumonia (associated cholecystectomy). 

(4) Pulmonary infarcation (associated strangulated hernia). 

(5) Pulmonary edema and acute tubular nephrosis (associated 
prostatectomy). 


{/) 

IxJ 

(/) 

< 

O 


cc 

UJ 

03 

2 

o 

z 


GASTRIC SURGERY 
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SURGERY OP BILIARY TRACT 

It is generally recognized that safe and successful surgery of diseases of 
the biliary tract requires mature judgment and much experience. In Graph II 
are depicted the trends and results of biliary surgery: 

(1) There has been a decided increase in the number of cholecystec- 
tomies performed during the past few years. In 1941, 217 cholecystectomies 
were performed, with two deaths (0.9% mortality). One hundred ninety- 
three of these cases were for chronic cholecystitis. 

(2) Cholecystostomy has had a steady decline in employment during the 
past five years. Thirty cholecystostomies were performed during 1941, with 
one death (3.3% mortality). Nineteen of these were for chronic and ii for 
acute cholecystitis. 

Data on the incidence of exploration of the common duct, drainage of 
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the common duct, and the incidence of jaundice were not obtained, but these 
complications are included in the above statistics. 

SURGERY OF THE STOMACH AND SMALL INTESTINES 

Though the number of gastrectomies is not large, there was a marked 
increase in 1941 (Graph III). Approximately two-thirds of these opei-ations 
were for peptic ulcer and one-third for carcinoma of the stomach. The 
mortality rate for gastrectomy during the past three years has ranged from 
20 to 25 per cent. The mortality rate for gastrectomy in the presence of 
peptic ulcer was 19 per cent for 1941, approximately the same as for car- 
cinoma of the stomach. However, one surgeon performed 13 gastrectomies 
during 1941, with a mortality of 7.7 per cent. One of the authors (M.J.T.) 
performed ten gastrectomies in 1942 with no deaths. 

There have been almost the same number of gastro-enterostomies per- 
formed each year, i.e., 10 to 15 cases. Of the ii gastro-enterostomies per- 
formed in 1941, five were for carcinoma and six for obstructing duodenal 
and pyloric peptic ulcers. The mortality (1941) was 41%. Death follow- 
ing gastro-enterostomy was caused by atelectasis, bronchopneumonia, diffi- 
culty with the stoma, ascites, and extension of the carcinoma of the stomach. 

Gastrostomy is an uncommon operative procedure in Harper Hospital, 
there being only three such operations during 1941. Enterostomy has not 
been entirely replaced by the use of the Miller-Abbott tube. Eleven enter- 
ostomies were performed in 1941, with two deaths, an operative mortality 
rate of 18%. 

The mortality from perfoi-ated peptic ulcer is difficult to analyze. How- 
ever, one can say that the mortality rate for operative treatment of this 
complication of peptic ulcer during the past ii years in Harper Hospital 
is over 20 per cent, and has shown no improvement during the past five 
years (Table IV). 


Table IV 

PERFORATED PEPTIC ULCERS 


Nonopera'tive Operative 

Total . , . ' . 

Year No. of Cases Cases Deaths Cases Deaths % Mortality 

1937 21 2 1 19 5 26.0% 

1938... ^ 21 2 0 19 2 10.5% 

1939 11 t 1 10 2 20.0% 

1940 9 1 1 8 4 50.0% 

1941 22 1 1 19 3 15.8% 


Analysis of deaths from perforated peptic ulcer during 1938 to 1941 
revealed : 

(i) Three patients died without benefit of surgical intervention. Two 
of these had symptoms of perforation from 24 to 48 hours before admission, 
and both died within one day after admission to hospital. The third patient 
had been ill for three weeks with severe pain and increasing jaudice. Autop.sy 
revealed an unsuspected perforated peptic ulcer of the duodenum involving 
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the Ijver. and common duct. All of these patients entered the hospital in a 
moribund condition and failed to respond to preoperative treatment. 

(2) Of II patients who died following operation, the duration of symp- 
toms of perforation in six cases was less than eight hours. Four patients 
died of .pulmonary complications, and two from extension of the peritonitis. 
The operations were uniformly performed under spinal anesthesia, and con- 
sisted of closure of the perforation with interrupted sutures and reinforcing 
with omental fat. One fatal case had had a previous operation for closure 
of perforated peptic ulcer four years before. 

In summary it is noted that an occasional patient with perforated peptic 
ulcer recovers without operation ; several still come in in moribund condition, 
too ill to undergo operation. Of the postoperative deaths, several came in 
within six to eight hours of the time of perforation. 

SURGERY OF THE COLON AND RECTUM 

The number of operations performed upon the colon and rectum shows 
a decided increase. Surgery of the large intestine may be divided into three 
groups, on an anatomic basis (Graph IV) : 


45 f 



SURGERY OF COLON a RECTUM 

^ COLON RESECTIONS ABOVE RECTUM 
^ ABDOMINO'PERINEAL RESECTIONS 
□ POSTERIOR PERINEAL RESECTIONS 
■ MORTALITIES 



18 43 25 1 25 37 0 I 15 37 0 I 28 0 25 


'MORTALITY 
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Graph IV 


(1) There were 31 resections of the colon above the rectosigmoid, for 
cancer and gunshot wounds, with a mortality late of 6.5%) during 194^- 
Most of the operations were performed by the modified Mikulicz technic. 

(2) Abdomino-perineal resections of the rectum for adenocarcinoma 
increased from six operations, in 1940, to 16, in 1941. The mortality rate 
has fallen sharply during the last year; in 1941? 16 abdomino-perineal re- 
sections were performed, with one fatality, a 6% mortality. 

(3) Seven perineal resections for selected cases of adenocarcinoma of 
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HERNIA 

Types of herniotomies and deaths for each of the five years, 1937 to 
1942, are listed in Table VIII. The highest mortality rate during this 
period was 1.3%, in 1937, and dropped to 0.4%, in 1941. There is an 
occasional death in each classification but the most regular death rate occurs 
in tlie small group of strangulated herniae. 

SURGERY OF THYROID 

Subtotal thyroidectomy is the most common type of operative procedure 
employed in the treatment of goiter. Only 33 multiple-stage operations were 
listed during the past five years. 


Table VI t 

OPERATIOSS FOLLOWED BY EVISCERATION 


Hysterectomy 10 

Cholecystectomy 7 

Appendicectomy 7 

Carcinoma of viscerai 5 

Perforated peptic ulcer 3 

Splenectomy 2 

Colostomy 1 

Acute pancreatitis 1 

Epigastric hernioplasty 1 

Intestinal obstruction 1 

Subhepatic abscess 1 

Perforated typhoid ulcer 1 


No. of Cases 40 

The mortality rate of thyroidectomy has been low for several years, 
the lowest being in 1941, when it was 0.7%, or three deaths in 286 cases 
(Graph VI). 

During the past five years there have been nine cases of carcinoma of 
the thyroid. 

The type of anesthetic agent used during thyroidectomy varied a great 
deal. Many surgeons use local novocain anesthesia and others gas-ether, with 
or without intratracheal intubation. 


Table VIII 


CLASSIFICATION OF HERNIOPLASTY 


Types 

Uncomplicated inguinal hernioplasties 
Strangulated Inguinal hernioplasties. . 

Femoral hernioplasties 

Umbilical hernioplasties 

Ventral hernioplasties 


Cases in 
1941 
608 
17 
26 
13 
45 


1937 

5 

3 

0 

0 

1 


709 9 


Deaths 


1938 1939 

0 1 

1 1 

0 2 * 

0 1 

0 1 


1940 1941 

1 0 

0 2 

0 0 

0 1 

1 0 


16 2 3 


*The two deaths listed under femoral hernioplasty occurred in the presence of strangulation of the intestine. 


MASTECTOMY 

There were no deaths from mastectomy, either simple or radical, during 
the past five years. 

A study of Graph VII reveals the following trends : 
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(1) The number of mastectomies is increasing. The increase is chiefly 
in the simple mastectomy, and indicates an increasing appreciation of the 
importance of removing benign lesions of the breast. 

(2) The numiDer of cases of carcinoma of the breast operated upon each 
year fluctuates, but is not increasing. 

(3) Each year simple mastectomy is employed for less than ten cases 
of carcinoma. This is approximately 20 per cent of the total number of 
operations for cancer of the breast. 

(4) Each year a few radical breast amputations are carried out for patho- 
lopfic conditions other than carcinoma of the breast. 

The percentage of patients who receive roentgenotherapy for carcinoma 
of the breast, while in the hospital, has noticeably decreased during the past 
two years. Approximately 45 per cent of the cases of carcinoma of the 
Ijreast who leave the hospital without receiving roentgenotherapy return to 
the therapy department later. 

Preoperative roentgenotherapy for carcinoma of the breast bas become 
less popular during the past few years. 
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AMPUTATIONS 

The total number of major amputations has always been small, and is 
decreasing. There were 26 ainjiutations in 1937, and only 13 cases in 1941 
(Graph VIII). 

The mortality rate has been less in the presence of diabetes than for 
other diseases. The mortality rate for 13 major amputations during 1941 
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was zero. Only three were in diabetic patient.s (a marked decrease from 
previous years). The diagnoses of the other ten amputations in 1941 were: 
Emboli, thrombosis, senile gangrene, osteomyelitis, traumatic injur}^ thrombo- 
angiitis obliterans, arteriosclerotic gangrene, osteogenic sarcoma, fibrosarcoma, 
and osteochondroma. 


ANESTHETIC AGENTS AND PROCEDURES 

A review of the types of anesthetic agents and procedures employed 
reveals that 55 per cent of the patients received gas-ether anesthesia. Ap- 
proximately 25 per cent were operated upon under spinal anesthesia, either 
alone or supplemented with inhalation anesthesia. There is a noticeable trend 
away from the use of nitrous-oxide alone as an anesthetic agent. 


Table IX 


ANESTIIESW (agents 

ANP procedures) FOR 

MAJOR 

and minor 

OPERATIONS 







Per Cent of Total 


1937 

1938 

1939 

1940 

1941 

for 1941 

Gas-ether 

4290 

3813 

3807 

4054 

4000 

55.2% 

Spinal 

1740 

1556 

1311 

1576 

1834 

25.4% 

Ether (alone) 

275 

271 

313 

324 

394 

5.4% 

Nitrous oxide 

461 

392 

279 

116 

131 

1.8% 

Cyclopropane 

201 

154 

82 

27 

0 

0.0% 

Gas-evipal 

1084 

52 

0 

0 

0 

0.0% 

Evipal (alone) 

6 

46 

1 1 

10 

0 

0.0% 

Avertin 

4 

7 

1 

3 

0 

0.0% 

Sodium pentothal (alone) 

0 

0 

0 

725 

727 ■ 

10.0% 

Sodium pentothal plus ether 

0 

0 

0 

124 

136 

1.8% 


7222 
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IntraA'enous sodium pentothal anesthesia, introduced to Harper Hospital 
in 1940, has become very popular, especially for short gynecologic operations, 
fractures, amputations, and operations of necessity in debilitated individuals. 
In this-dast group it is often combined with local novocain infiltration. 
Cyclopropane, ethelyene, avertin and evipal were not administered dur- 
ing 1941. 

BLOOD TRANSFUSIONS 

In May, 1939, a blood bank was established under the supervision of 
Dr. Warren H. Cooksey. The bank efifected three important changes in 
transfusion technic: 

(1) Direct blood transfusions have steadily decreased, and, since the 
advent of the blood bank, have been almost completely eliminated. 

(2) The number of direct transfusions has been greatly increased. There 
has been more than a 500 per cent increase in the total number of trans- 
fusions during this five-year period. 

(3) Plasma transfusions, introduced in 1939, are increasing in popularity. 

Table X 

BLOOD TRANSFUSIONS 



1937 

1938 

1939 

1940 

1941 

Total transfusions in the hospital 

Transfusions to surgical patients: 

247 

92.=; 

1441 

1659 

1451 

(t) Direct 

61 

28 

11 

3 

1 

(2) Indirect 

186 

611 

966 

1084 

993 

(3) Plasma 


0 

15 

34 

74 


SUMMARY 

A review of the major surgical procedures at Harper Hospital for the 
past five years (1937-1941) shows the following trends and risks: 

(1) The average mortality rate for major operations has ranged from 
two to three per cent during the past three years. 

(2) The hospital autops)”- rate is 35 per cent of the total deaths. 

(3) Appendicectomy is the most common major operation, and repre- 
sents one-third of all major surgical procedures. In 1941, the mortality rate 
was 0.3%. No deaths occurred from intra-abdominal complications. Tliere 
were no deaths in 41 patients who had either generalized peritonitis or 
abscess. 

(4) The mortality rate for 217 cholecystectomies during 1941 was 0.9%. 
Cholecystostoniy is less frequent than previously ; there were 30 such 
operations pei'formed in 1941, with a 3.3% mortality rate. 

(5) Gastrectomy is increasing but the mortality rate is still quite high, i.c., 
20 to 25%. The mortalit}'^ rate for perforated peptic ulcer treated surgically 
is approximately 22%. 

(6) The total number of radical resections of the colon and rectum has 
increased during the past few years. The operative mortality rate is 6%. 

(7) The number of hysterectomies is increasing. The mnrtalit}’ rate 
for this operation was 0.7% in 1941. There were no deallis from total 
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hysterectomy in 1941, and 40% of all hysterectomies were total. 

(8) Each year there are six or eight major abdominal wound disruptions, 
with a mortality rate of 30%. 

(9) During 1941, 700 hernioplasties were performed. There were three 
deaths (mortality 0.47%) of which two were in cases of strangulated herniae. 

(10) The mortality rate for thyroidectomy was 0.7% during 1941. 

( 1 1 ) There were no surgical deaths from radical mastectomy during this 
five-year period. The number of carcinomata of the breast treated surgically 
varies, but is not increasing. Simple mastectomy for benign lesions has 
increased. 

(12) Major amputations are decreasing, especially in diabetic patients. 
There were no deaths in 13 major amputations performed in 1941. 

(13) Intravenous sodium pentothal anesthesia, introduced to Harper 
Hospital in 1940, has become very popular. Cyclopropane, ethelyene, avertin 
and evipal were not used during 1941. 

(14) The introduction of the blood bank has resulted in (i) almost 
complete elimination of direct blood transfusions; (2) great increase in the 
indirect transfusion technic; and (3) an increasing administration of plasma 
transfusions. 
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INTRACRANIAL CALCIFICATION 

REPORT OP AN EXCEPTIONALLY LARGE CALCIFIED TUMOR 

Rudolph A. Light, M.D. 

NASHVILtE, TeJTX, 

FROM THE NEUROSURGICAL SERVICE, DEPARTMENT OF SURGERY, V\NDLRBILT UNIVERSITY SCHOOL OF 

MEDICINE, NASHVILLE, TENN, 

Calcification which is roentgenologically demonstrable occurs in many 
types of intracranial lesions and in some of them it occurs with great frequency, 
e.g., suprasellar cysts, 41 per cent,^ oligodendrogliomas, 31 per cent,” 
or more.^ 

However, such calcification is usually demonstrable as small plaques or 
areas of flocculent-like increased density, and it is very rare to see a huge 
solid shadow such as that observed in the following case: 



Fig. — Lateral roentgenogram of the skull, showing the huge area of calcification 
in the frontal region. 

Case Report. — ^V. U. Hosp., No. 108016: Referred by Dr. O. H. Clements, of 
Palmer, Tenn. D. F. C., white, male, age 40, was admitted June 25, 1940, with a 
history of having had generalized convulsive seizures for seven years. For four years 
his family had observed progressive mental disturbances. He became inattentive, grasped 
situations poorly, showed poor judgment, and had increasing difficulty in speaking 
correctly. He used words incorrectly and often repeated words or phrases without 
seeming to realize it. 

During the year before admission, his vision had failed progressively to the point 
of almost complete blmdness. For six months, he” had vomited occasionally, but he 
had had headaches for only ten days. His family was aware of no localized weakness 
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or paresthesia. There was no history of injury or of relevant family disorders He 
was right-handed. 

On examination, he was well oriented, but memory was poor and cerebration 
slowed. There was no definite defect of speech. There was blindness in the left 
eye and only light perception in the right. The optic disks were choked. There was a 
central type of facial weakness on the right. No other disturbance of neurologic func- 
tion was observed. There were no significant laboratory abnormalities. 

Roentgenograms of the skull showed a huge, almost uniformly dense shadow, 
measuring 7x7 cm., in the left frontal region (Fig. 1). Its outline was jagged and 
irregular. 




Fig. 2 . — photograph of the tumor. 


Operation . — July 8, ig4o: Dr. Cobb Pilcher. A considerable amount of soft, dark 
tumor tissue lay on the external surface of the calcified mass in the left frontal lobe, 
but, when the latter was gently enucleated, its bed was smooth and there was no sign 
of neoplastic tissue in its depths. The tumor was removed en masse (though no doubt 
there was infiltration in the cortical layers), and weighed 97 Gm. (Fig. 2). 

The postoperative course was smooth for 48 hours, when the patient suddenly 
developed the unmistakable signs of postoperative hemorrhage. The wound was re- 
opened and a large hematoma evacuated from the tumor bed, but the patient survived 
the procedure only ten hours. 

Histologic study showed the tumor to be an oligodendroglioma* (Fig. 3). 

COMMENT 

In 1916, Heuer and Dandy^ reported two cases in which there was 
extensive calcification in intracranial tumors. In one unoperated case, the 
shadow was irregular in outline and in density, and measured 4x5 centi- 

* In the actively growing portion of the lesion the neoplastic cells were primitive, 
many mitoses were present and the tissue was quite vascular. Dr. Louise Eisenhardt 
of New Haven, who kindly examined sections of the tumor, classifies it as an oligo- 
dendroblastoma. 


310 



Numboi V^ INTRACRANIAL CALCIFICATION 

meters in its greatest dimensions. In the other, a shadow, 5x6 centi- 
meters, was attached to the skull (which also showed an external palpable 
protrusion).! This shadow, too, was irregular and appeared somewhat floc- 
culent in some areas. 

O’Sullivan,'* in 1925, reported several fairly large intracranial calcifica- 
tions, and Grantham and Smolik,® have recently described a large area of 

Fig. 3A 



Fic. 3B 

Fig. 3. — Photomicrographs of tumor. A. Note the poor staining qualities of the 
cytoplasm, giving the appearance of “halos” around the nuclei. Aniline blue-orange-G 
stain (reduced from a magnification of 250). B. The heavy protoplasmic processes 
of the tumor cells are uniformly impregnated. Penfield’s silver method for oligodcn- 
droglia (reduced from a magnification of 250). 


t This lesion was diagnosed osteosarcoma, but the author’s description strongly sug- 
gests that it was a meningeal fibroblastoma. 
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calcification in an old intracerebral hematoma. Smaller calcifications of 
various types have been reported by many authors. 

It is believed, however, that the tumor reported herein contained the 
largest area of calcification yet reported. 
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Fig 3 —Complete set up with citratcd blood in beaker and needle in recipient’s arm 

that is chromium plated and further permits the use of simple ball valves. 
Tiny springs, although not necessary, are included in the unit to insure perfect 
valve closures. Figure i illustrates the new apparatus. Its working prin- 
ciples are the same (Fig. 2). The upstroke of the syringe automatically 
opens the inlet valve and closes the outlet valve, and, conversely, the down- 
stroke closes the inlet valve and opens the outlet valve. Both inlet and outlet 
fittings are so ground that either rubber tubing or needles may be attached 
directly to them. Its complete set-up for use is illustrated in Figure 3. 

The fittings are removed by taking hold of the small, round, knurled nuts 
and pulling them out. The A^alves are easily removable, leakproof and air- 
tight, so that there is no reflux. Any size Liter or record syringe with its 
adapter may be used with the apparatus. 
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lated from transverse process to its free anterior end. The transverse process 
IS also isolated, and removed together with the rib. Similarly, the posterior 
lalyes of the second and first ribs are isolated and removed together with 
their transverse processes. 

To permit continuing and progressive compression as healing by fibrosis 
proceeds, regeneration of the excised ribs is inhibited over a short segment 



Fig. I. — This patient was operated upon December 8, 1940, 
through two small anterior (a) and posterior (P) incisions for 
the complete removal of the first tliree ribs at the same operation. 

The posterior incision (P) was prdonged downward three weeks 
later for the removal of the posterior halves of the 4th, sth, and 
6th ribs, and partial removal of the lower third of the scapula, 
thus effecting closure of a large apical abscess. 

by cauterizing, with the actual cautery or with the Bovey coagulating unit, 
the periosteum of the ribs for about three centimeters lateral to the site of 
the transverse process. The wound is closed by approximating the fascia 
of the trapezius muscle with interrupted silk sutures, and the skin is closed 
with continuous steel wire. No drainage is provided. 

Postoperative care emphasizes a change of position through 90 degrees 
every hour' during the first 36 to 48 hours, accompanied by six to eight 
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two small incisions, instead of through the conventional long paravertebral 
incision. The first incision is made anteriorly, paralleling the sternal border, 
through which the medial halves of the first three ribs together with their 
costal cartilages may be removed ; the second incision is made posteriorly, 
paralleling the vertebral border of the scapula in its upper half through 
which the remainder of the first three ribs together with their transverse 
processes are removed, both incisions being made at the same operation. 
The second-stage thoracoplasty may be performed two and one-half to three 
weeks later through a second short posterior incision. 
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BOOK REVIEWS 

oYNoi’Sis OF Tkaumatic InjukiI'S of the Face and Jaws. By Douglas B. Parker, 
M.D.. D.D.S. C. V. Mosby Co., St. Louis, 1942. 

I.N tliis little iiaiulliook of surgery, with 229 illustrations, the author has given us 
a very handy working manual that ought to he in the “haversack” of every dental ana 
medical ofiiccr in the armed forces. The text is put together in a very logical and 
readable manner, and is up-to-the-minute in every detail in the treatment of traumatic 
injuries of the face and jaws. 

In this global war, where front lines arc created overnight, and where wild islands 
and barrens coasts arc invaded, very few maxillofacial centers will be established any- 
where near the front, where the dental surgeon and the surgeon can carry out very 
advance treatment in the case of the injuries of the face and jaws. This is a war of 
movement and the medical and dental ofliccrs will have to supplement each other and 
in many instances do each other's work, which will often be “first-aid” in character. 
This guide book will help the medical ofiiccr in bringing together the hard and soft 
tissues of the face and jaws into approximation and will give the dental officer quite 
a lot of information in arresting hemorrhage, shock, infection, method^ of resuscitation, 
and the reduction and fixation of fractures of the bones of the jaws and face. 

"There is practically no dentistry at the front, and, more than ever, the dental officer 
is called upon to give first-aid treatment either iii the Army or Navy. This book will 
answer many questions quickly for the medical and dental officer at the front who is 
up against something that he has never seen before and needs help in a hurry. 

The chapter on anatomy is clear and explicit and quite adequate for a book of 
this size. - The author deals in a very practical manner with the “early treatment of 
the injury at the scene of the accident,” and his remarks should tend to eliminate a 
lot of confusion, and help the patient get what he most needs in a hurry, namely, 
intelligent and skillful first-aid treatment. The early treatment of these face and 
jaw injuries, not only will give us better postoperative results, but in some cases will 
save lives. 

The later treatment of wounds and burns of the face presented, is up-to-date, scien- 
tific and sound in every way. His treatment of bony injuries and the stabilization 
of fractures is most e.xcellent and should be of great help to the medical officer who 
has had very little c.xpcricnce, as a rule, in the care of fractures of the bones of the 
face and jaws. The description of intermaxillary wiring and the different types of 
intra- and extra-oral splinting is most thorough and adequate. 

Local anesthesia is also well cared for and, again, this ought to be a great help 
to the medical officer who is not so familiar with producing anesthesia of the face 
and jaws. Dr. Parker has been ver3' successful in getting together e.xcellent illustra- 
tions that go hand-in-hand with a clear, concise text, which makes this little guide 
a great help to the practitioner and will undoubtedly assist him in obtaining better 
end-results in this field of surger}\ 

The book being published at this time ought to help indirectly many of otir boj^s 
now at the front who will need the best of care for wounds of the face and jaws. 

Henry Sage Dunning, M.D., D.D.S. 

Sui.phanilamide and Related Compounds in General Practice. Second Edition. 
PP- 374 - Weslej" W. Spink, Al.D., F.A.C.P. Associate Professor of Medicine, University 
of Minnesota Medical School. The Yearbook Publishers, Inc., Chicago, 1942. 

The subject of this book is one of tremendous importance and of widespread interest. 
The material is presented simplj'- and clearly so that it enables the reader to get a com- 
prehensive view of sulfanilamide therap3'. The arrangement of the book is logical and 
it is indexed adequately for ready reference. It is not profuseh' illustrated hut a numbe: 
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conclhiMs reproduced showing typical responses to chemotherapy in various 

Suggested dosages of sulfanilamide for severe infections may seem a little hicrh to 
some physicians as they do to the reviewer. While most physicians would agree that a 
nioderate degree of cyanosis is not a contraindication to the continued administration 
of sulfanilamide, the severe degrees of cyanosis are sometimes a prelude to more serious 
tox'ic manifestations. 

The author is to be congratulated especially on the chapters on “Historical Develop- 
ment and To.xic Manifestations.” The hook is concluded with a very valuable fifty- 
five page bibliography so arranged that the original sources dealing with particuim- 
phases of the subject of chemotherapy may he easily found. 




J. E. Rhoads, M.D. 


Tkxthook on Fkactukcs. By Paul B. Magnuson, M.D. Fourth Edit., 1942. 
J. B. Lippincott Co., Philadelphia. 

No hettku covi.mf.nt can be made for this book than the fact that four editions have 
appeared in less .than ten years, and the most recent one fully maintains the reputation 
that has been earned by the previous three. 

It is more than timely in its appearance because its revision was not started until the 
certainty of our participation in World War II was established, making it possible for 
the author to anticipate the changes in treatment made necessary by the changing types 
of warfare. 

The author has made an effort to e.xpress, in a concrete way, the accepted primary 
treatment and transportation of fractures as they occur in warfare, and, as he says, they 
represent the consensus of the Committee on Orthopedic Surgery of the National Re- 
search Council as constituted at the publication of this edition. Though the choice of 
methods in civil practice may be governed by circumstances and the judgment of the 
su’geon, in warfare; individualization to any great e.xtent is not justifiable, and a more 
rigid standardization becomes necessary. However, such standardized treatments should 
be based upon a knowledge of the physiology and anatomy of the part involved, and a 
consideration of the fact that it is an injury to the body as a whole, and not just one 
part of it that requires the surgeon's care. 

The text covers not only fractures of the long bones and joints, but includes the spine 
and hernia, in a way which should prove of great value to the military surgeon, who will 
rarely have had the advantage of a training in neurosurgery. 

One is impressed by the lack of space devoted to open reduction of fractures of the 
long bones, and the use of fixation methods as employed by Boehler, Rodger Anderson 
and Stader, and it may be that sufficient time has not elapsed to properly evaluate these 
methods and determine their relative positions in the accepted methods of treatment of 
these injuries. 

It would be difficult to find a more satisfactory piece of printer s woi k , the clear 
type, the paper, and the perfect illustrations not only attract but make the reading of 

the text more profitable than usual in a book of this size. 

Walter Estell Lee, M.D. 
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(’OXTINUOUS CAUDAL ANALGESIA IN SURGERY* 

James L. Southworth, M.D., Waldo B, Edwards, M.D., 

AND 

Robert A. Hingson, AI.D. 

Staplkton", N. Y. 

FROM THE UNITED STATES PUBLIC HEALTH SERVICE, MARINE HOSPITAL, STAPLETON, STATEN ISLAND, N. Y. 

Continuous caudal analgesia, a method for prolonged caudal block, 
has been found useful in several types of surgical procedures. In some in- 
stances it has proved to be the anesthetic of choice. It is the purpose of this 
communication to discuss the application of the method, to note our recent 
experience with it, and to outline a technic for its administration. 

There are several advantages which make continuous caudal analgesia 
worthy of consideration for use in general surgery. It is inherently a 
safe procedure and is comparatively easy to administer and control. The 
normal physiologic processes of the patient are little disturbed. It will find 
its field of greatest usefulness in operations about the lower extremities and 
the perineum, particularly in aged, debilitated, or recently shocked patients. It 
is also useful in inguinal and femoral hernioplasty. Further, it would seem 
that this method is adaptable for use in the treatment of casualties both in 
civilian and military practice where it would be desirable to have a safe, 
prolonged analgesia during the transportation and the physical and roent- 
genologic examinations of the injured. One anesthetist with several trained 
corpsmen or medical attendants could block a large number of patients at 
one time. It may be possible in some instances to block certain casualties 
on the field and transport them painlessly to a base for treatment, thus, 
perhaps reducing the instances of shock. On theoretic grounds it would seem 
that this method might be of value in the prevention of the delayed shock 
condition usually referred to as “crush” syndrome. Finally, limited experi- 
ence in this hospital has shown promise that results similar to those obtained 
by Ochsner with lumbar sympathetic block in the treatment of thrombophle- 
bitis and embolism of the lower extremities may be obtained with this 
procedure. 

This method has been employed by us, and our associates, in more than 

* Published with permission of the Surgeon General of the United States Public * 
Health Service. \ 
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255 cases in general surgery, 150 of which were previously rfeported before 
the October, 1942 meeting of the American Society of Anesthetists. Table 
I lists the types and number of operations. 

In three of these cases there were failures of the analgesia to reach the 
desired somatic level. In one instance, when given for inguinal hernioplasty, 
with a properly placed needle, the effect of the drug did not extend high 
enough to block the ilio-inguinal nerve in spite of shortened interval *of 
injection and increased amounts of the drug. In the other two cases the 
failure was due to improper placing of the needle. 

In inguinal hernioplasty the relaxation of the musculature is comparable 
to that of an expertly administered field block and often exceeds that of 
spinal. Traction on the cord and peritoneum in ligating the sac does not 
cause pain. An increased tendency to bleeding from the cut skin edges is 
noted. This tendency is not noted in the muscle layers should a vessel there 
be inadvertently cut. 

In plastic operations about the vagina and perineum, it is an ideal 
analgesic. There is little interruption of the patient’s usual routine of living. 
Meals are seldom missed either before or after the operation. The muscle 
relaxation is adequate. The presence of motor function in the extremities 
during and immediately after the operation tends to promote movement on 
the part of the patient, a condition thought to favor the prevention of throm- 
bosis and embolism. The analgesia was satisfactory in three patients operated 
upon abdominally for lesions in the pelvis and for one undergoing cesarean 
section. 


Table I 


TYPES AND NUMBER OF OPERATIONS 


Types of Operations 

1. Inguinal and femoral hernioplasty 

2. Plastic operations on the perineum 

3 . Cesarean section 

4. Hemorrhoidectomy; plastic operations about the anus; and abdominal operations on 

pelvic organs 

5. Open and closed reductions of fractures of the lower e.vtremities 

6. Orthopedic procedures on the lower e.xtremities 

7. Amputations of lower extremities 

8. Prostatic resection and other urologic procedures 

9. Phlebectomy and ligation and injection of varicose veins 

10. Appendicectomy 

11. Treatment of thrombophlebitis 


No. of Operations 
43 
21 
1 

34 
24 
18 

7 

41 

35 
2 

29 


Those who prefer spinal anesthesia, or who undertake prolonged and 
meticulous operations for hemorrhoids, will find this method satisfactory. 
The relaxation of the anal sphincter is marked. Our experience indicates that 
the analgesia obtained from an expertly administered continuous caudal block 
is just as satisfactory as the seven-needle technic of sacral caudal block. 

In orthopedic procedures on the lower extremity the method has been 
found of value in the recently shocked or elderly patient. 

In urologic operations the advantages of complete lower analgesia without 
the dangers inherent in spinal anesthesia are present. 
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Fig, I. — Common anomalies 
Medical College, Philadelphia, Pa. 





of the sacrum collected in the museum of anatomy from the Jefferson 
(courtesy Dr. George P. Pitkin: “Conduction Anesthesia,’ in preparation). 
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In phlebectomy an attempt is made to keep the dosage of the drug low 
•SO that the motor nerves are not affected. It has been found that the patient 
can aid the surgeon in maintaining position of the extremities during the 
operation. 

With the present technic, the method is not recommended for appendicec- 
tomy, although in the two cases in this series it proved satisfactory. 

In the treatment of thrombophlebitis promising results have been obtained. 
We have previously treated about 50 patients with the method of Ochsner 
in wliich lumbar sympathetic block is employed. The results were encourag- 
ing. The results in the patients treated with prolonged caudal block by the 
continuous method have been equally encouraging. It is our practice to 
maintain the block for four to six hours followed by a four-hour I'est with 
the needle still in place. A second period of block of four hours duration 
is then administered. The following technic of administration is recom- 
mended for use in general surgery. 

TECHNIC OF ADMINISTRATION 

The patient is placed in the prone position and the sacra] hiatus is palpated. 
The more common formations and anomalies of the sacrum, as shown in 
Figure i, should be kept in mind. It is often of value to palpate the tip 
of the coccyx with the left forefinger and at the same time locate the sacral 
hiatus with the left thumb by palpation of the sacral cornua which lie on either 
side of the hiatus. The forefinger is moved to replace the thumb. The fore- 
finger then serves as a guide to the location of the hiatus. 

A continuous caudal set is assembled as shown in Plate i. Since the 
use of the set shown, there have been no accidents involving broken needles 
in 200 consecutive injections. 

The agent recommended is metycaine one and one-half per cent solution 
in physiologic saline. With this solution a skin wheal is raised just inferior 
to the hiatus. A special malleable No. 19-gauge needle is then inserted 
through the wheal and into the caudal hiatus, piercing, as it enters the canal, 
the sacrococcygeal ligament of Cathelin. 

Careful aspiration should then be performed. If cerebrospinal fluid is 
withdrawn, it is recommended that the procedure be abandoned. This may 
occur in anomalous low-lying dural sacs. If bleeding through the needle 
is encountered, the needle should be withdrawn one to two centimeters and 
reinserted. AAflien the bleeding has ceased the operator may proceed with the 
injection. 

With the palm of the left hand firmly placed on the sacrum, ten cubic 
centimeters of the one and one-half per cent metycaine solution are injected. 
When the needle lies dorsal to the sacrum an “injection tumor” can usually 
be palpated. If the needle is correctly placed, the patient will complain of 
some unusual sensation in the lower extremities. „This may be a transient 
ache, pain, or “shooting sensation” in the thighs or popliteal areas. 

After the needle is properly placed, an average of 50 cc. of solution is 
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injected, according to the size of the patient. The analgesia begins in the 
areas supplied b}’- the coccygeal nerves and progresses to those supplied by 
the hemorrhoidal, perineal, pudendal, ilio-inguinal and iliohypogastric nerves. 
Topographically, the analgesia usually begins about the coccyx and spreads 
in a circular manner up over the sacrum posteriorly and anteriorly over the 
perineum to the anterior abdominal wall. The toes begin to become insensi- 
tive to pain and the analgesia rises up the lower extremities. In the average 
patient analgesia will become complete from the umbilicus downward after 
20 to 30 minutes. 

A valuable sign that the needle is properly placed and the analgesia is 
progressing satisfactorily is the flushing of the toes and feet, which occurs 
within 5 to 15 minutes after the initial injection. Cold, moist feet become 
pink, warm, and dry. 

Supplementary injections are given as required to maintain the desired 
analgesia. Twenty cubic centimeters eveiw 30 to 40 minutes usually suffice. 
With proper precautions, the administering syringe may be placed near the 
field and supplementary injections ma}' be administered by the surgeon or his 
assistant. 

The work of the earl}- investigators with single injection caudal analgesia 
showed that the height can be varied more or less in proportion to the speed 
of the injection and the amount of the fluid injected. We have found that 
when amounts larger than those recommended are used, and injected with 
more than the usual speed, analgesia can be obtained to the clavicles in 
many instances. 

During the first 30 to 40 minutes after injection, the patient will not 
have complete loss of position sense although there will be absence of pain 
sensation to the umbilicus after 30 minutes. Increasing the amount of drug 
and decreasing the time interval between injections will cause a seepage of 
the agent anteriorly until the motor fibers are blocked. Patients subjected 
to the action of the drug, by this method, longer than one and one-half hours 
will also frequently exhibit this latter phenomenon. 

The time consumed in the administration and the prolonged period during 
which the analgesia is incomplete constitute its most serious disadvantages. 
Thirty to 40 minutes are required to assemble the set, making the injection, 
and allow the analgesia to become complete. However, a skilled anesthetist, 
experienced in the method, can often have a patient ready for operation in- 
volving the perineum, vagina, or rectum in ten minutes. 

As has been described in previous papers,^’ ^ the complications arising 
from the use of the method have not been of great consequence in our hands. 
An occasional patient may experience mild syncope following the initial in- 
jection. It is thought that this may occur from one of two causes : (i) Either 
a small amount of the drug may have been injected into a vein, of which 
there are many in the sacral canal ; or (2) it may be caused by sudden pressure 
on the dura from the injection of a comparatively large amount of solution. 
In our experience, the phenomenon has been transient (10 to 20 seconds 
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duration) and no sequelae have attended its occurrence. One moderately 
severe infection occurred in our entire personal experience. There was a 
low grade cellulitis about the sacral hiatus but there was no evidence of 
nerve injury. No other patient showed the slightest infection. 

Failures of the method to produce the desired analgesia are due, in 
most instances, to the needle’s being out of the sacral canal. It is some- 
times difficult for one not specially trained and experienced in block anesthesia 
to insert a malleable needle directly in the midline and into the sacral canal. 
There are several common sources of error : The needle may lie superficial 
to the sacrum ; it may lie in the periosteum of the roof or floor of the canal ; 
it may lie within a blood vessel or within the subarachnoid space; or the 
needle may bend and come to lie lateral to the sacrococcygeal junction. 

If a vein has been pierced at the beginning of the injection, a small 
hematoma may form about certain nerve trunks, giving patchy areas of 
sensation. Other than the failure of the analgesia in these areas, this has 
not been attended with sequelae in our series. 

CONCLUSIONS 

A. Continuous caudal analgesia has been found to be a valuable procedure 
in the following types of cases: 

1. Plastic operations about the rectum and perineum in the fields of 
proctology, urology, and gynecology. 

2. Operations below the umbilicus in the aged and debilitated, in which 
other forms of anesthesia are contraindicated. 

3. Surgical and orthopedic repair of traumatism of the lower extremities. 

4. Thrombophlebitis of the lower extremities. 

5. Femoral and inguinal hernioplasty. 

B. Experience indicates that the method is one of easy administration, 
accurate control, and one that can be prolonged as long as necessary, with 
little fear of complications. 
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EARLY jMORTALITY OF BURNS AS INFLUENCED BY RAPID 
TANNING AND BY TRANSFUSIONS 
Robert Elimatst, M.D. 

St. Louis, Mo. 

FROM THE DEPARTMENT OF SURGERY, M’ASHINCTON UNIVERSITY MEDICAL SCHOOL, BARNES HOSPITAL 
AND ST. LOUIS children’s AND CITY HOSPITALS, ST. LOUIS, MO. 

The purpose of the present communication is to draw a few inferences 
from a statistical study of the earl}’’ mortality on over 400 cases of severe 
burns, with special reference to the type of local therapy and to the use of 
Idood and plasma transfusions. The results of this limited study apply only to 
the important problem of reducing the early mortality, a feature of the 
treatment of burns which often has been neglected in favor of factors which 
deal with the subsequent treatment of these injuries. No attempt will be 
made to review the extensive literatiu'e on burns in view of the excellent 
summary reported by Harkins.^ 

SELECTION OP CASES 

In order to study only the moi'e serious burns, all admissions of minor 
burns were excluded, i.c., patients who were discharged to the Outpatient 
Department within 24 hours. Moreover, only patients whose end-result 
was known were included, i.c., patients discharged to other hospitals were 
omitted from consideration. During the seven years from 1935 to 1941, 
inclusive, 369 cases treated at the St. Louis City Hospital were analyzed. 
In addition, 59 cases treated at the St. Louis Children’s and Barnes Hos- 
pitals were reviewed briefly. The cases were divided first into two groups, 
depending upon the method of local treatment, i.e., those in which tannic 
acid was used, and those in which no tannic acid was used. The latter 
group included a variety of local treatments such as the application of saline 
packs and soaks, vaselined gauze, various ointments such as pyrobalm, etc. 
Only a few cases were treated with triple dye, and these were included under 
the nontannic procedure. Local and systemic sulfonamide therapy was 
employed in many cases treated during 1941, but no special study was 
made of this fact. 

The method of tanning employed should be emphasized; rapid coagula- 
tion was produced in each instance following cleansing of the burned area. 
This rapid coagulation was achieved by the alternate application of ten per 
cent silver nitrate and ten per cent tannic acid. In no instance was tannic 
acid jelly or the slower method of tanning with tannic acid alone used. 

CLINICAL FINDINGS 

A study of the cases analyzed was concerned largely with the influence 
on early mortality of (i) local therapy; (2) plasma and blood transfusions; 
and (3). priority in which local and systemic therapy was applied. 
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Influence oj Tanning . — In the City Hospital an equal number of cases 
were treated by tanning in contrast to those treated without tanning ; although 
the mortality was lower in the latter group, the diflference is too slight to be 
of significance (Table I). 


Rapid tanning . . . . 
Nontannic therapy 
Total cases 


Table I 

Total Cases 

Fatal Cases 

Mortality 


180 

37 

20% 


197 

32 

17% 


368 

69 

19% 


A question may be asked in regard to the manner in which these cases 
were selected for local therapy. While it was difficult to determine always 
on what basis this selection was made, one fact tended to make the division 
rather accurate, i.e., patients were admitted alternately on one of two dif- 
ferent Services, and for various periods of time the policy of tanning was 
employed in one unit, whereas it was not used in another unit. 

However, if one breaks down the 368 cases into yearly totals, the number 
of cases treated with tannic and nontannic therapy were equally divided during 
the years 1939 and 1940, and during these two years there was a striking 
difference in the mortality between these two methods of therapy (Table II). 


Table II 

Total Cases Fatal Cases Mortality 


1939— Tannic 31 4 13% 

Nontannic 38 10 26% 

1940— Tannic 25 2 S% 

Nontannic 30 5 17% 


Of interest, also, is the fact that two fatal cases in the tannic group in 
1940 occurred at four and six hours, and received no plasma. This un- 
doubtedly was a mistake in the priority of treatment, the local having pre- 
ceded systemic therapy — ^a serious error which is discussed below. 

The cases treated at Barnes and St. Louis Children’s Hospitals were 
also analyzed in regard to a possible correlation between mortality and the 
use of tannic acid versus the nontannic acid therapy. Here the difference was 
significant and was similar to the experience at the City Hospital just 
noted (Table III). 

Table III 

Total Cases Fatal Cases Moitality 


Tannic ^ 

Nontannic ® 

Totals ^ 


Of interest, too, was the fact that only one patient of the seven fatal 
cases received an)^ blood or plasma. 

The time oj death in the St. Louis City Hospital cases was then analyzed, 
the fatal cases being again divided into two groups, one treated with and 
the other without tannic acid. The results were significant. It was ap- 
parent immediately that a smaller part of the patients treated with tannic 
acid died within the first few days than those treated without tannic acid. 
The difference has been plotted as a graph in Chart i, and is really self- 
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The influence of transfusions was even more strikingly evident when the 
fatalities at the St. Louis City Hospital were divided into two groups, i.e., 
those treated with and those treated without plasma or blood. This analysis 
is listed in Table IV. 


Table IV 


Patients given no blood or olasma 



Death occurred within 24 hours 



Death occurred between 1 and 7 davs 


WU/o/ 

Death occurred between 11 and 30 davs 

7 


Patients given varying amounts of blood or olasma 

Death occurred within 24 hours 


/I 

(of these, 3 received but 500 c.c. of whole blood, 1 received 1000 c.c. whole blood, 
received 2000 c.c. of plasma) 

Death occurred between 1 and 7 davs 

and 2 each 

91 


Death occurred between 8 and 90 davs 




Note that, of the 25 fatal cases not receiving blood or plasma, 15, or 60 
per cent, died within 24 hours, whereas only 6, or 13 per cent, of the 50 
receiving this treatment died within 24 hours. Moreover, of the six cases 
in the latter group, four should really be listed as not receiving this form 
of therapy, inasmuch as the amount given was totally inadequate. If this 
transfer is made, it will be seen that only four per cent of the fatal cases 
given blood or plasma died within 24 hours, in contrast to 65 per cent in 
those receiving no blood or plasma, or inadequate amounts thereof. 

The Influence of Priority of Treatment. — In analyzing the fatal cases in 
the present group, seven patients were found to have died within seven hours 
after admission. Study of these cases shows that the local treatment, often 
carried out under general anesthesia, was performed first and without 
adequate attention to systemic therapy, i.e., the injection of plasma or blood. 
The inference, therefore, seems justified that certainly in a few of these 
instances, a fatality may have been avoided or at least postponed, if the 
treatment of shock were carried out immediately, and the local therapy 
delayed until the general condition had improved. 

Comment. — The data analyzed in this study adds further emphasis to 
the importance of minimizing or correcting plasma loss early and adequately, 
if one is to lower early mortality due to shock. While a prompt and adequate 
plasma transfusion alone is quite satisfactory, rapid coagulation undoubtedly 
reduces the amount of plasma which is needed so that if the plasma trans- 
fusion is inadequate, this factor may tip the balance in favor of recovery. 
However, this is not the only beneficial effect which rapid coagulation 
probably has in reducing early mortality. 

No one has yet disproved the original contention of Davidson that tannic 
acid, by coagulating dead tissue from which toxic products may be absorbed, 
minimizes or prevents the deleterious effects thereof. This theory depends, 
of course, upon the actual existence of moist, necrotic skin. The present 
writer has repeatedly observed such areas of skin in severe burns and believes 
that toxic absorption may occur whenever such a lesion is present just as 
easily as it can from nonviable intestine, from a wet gangrene of the leg, or 
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GOITER INCISIONS 
Frank H. Lahey, M.D. 

Boston, Mass. 

FROM THE DEPARTMENT OF SORCERY, THE LAHEY CLINIC, BOSTON, MASS. 

A GOITER INCISION involvcs many more features than are at first ap- 
parent. The appearance of the operative scar, very properly and importantly, 
occupies the mind not only of nearly every patient, certainly every female 
patient, but also the mind of nearly every surgeon. However, this is by no 
means the only feature of importance in connection with a goiter incision. 
Since a goiter, particularly when associated with hyperthyroidism and intra- 
thoracic goiter, possesses a high degree of possible fatality, it is most 
important that the incision provide complete and adequate anatomic exposure 
so that the surgeon can perform the operation without being hampered un- 
necessarily by technical complications, and with control of the thyroid’s 
vascular supply. The method of making the incision and elevating the 



Propzr Curve Proper Curve Correci 

Too Low Vndult^ Ti)fed 

Fig. I. — Showing v.irious types of incisions employed for removing a goiter. 


skin flap is also of great importance in what is often a serious procedure, 
since it influences the amount of bleeding and, therefore, also the length 
of time expended in controlling the bleeding and performing the operation. 

Figure i a shows a goiter incision which is too straight and is unsightly 
because it cannot be concealed well by a necklace. A curved incision pro- 
vides adequate exposure without particularly adding to the transverse length 

of the scar and so improves exposure. 

Figure i b shows a goiter incision which is too much of the U- or horse- 
shoe-type. The same amount of exposure in the part of the wound higi 
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Figure i e shows a properly placed and curved incision, but because it is 
improperly tilted and out of balance it is unsightly. 

higure i f shows a properly placed and curved incision of adequate 
length for exposure of all anatomic structures. Note that the curve cor- 
responds with the level at which a necklace will hang, that is, just above 
die point where the neck joins the chest, which is the level at which the 
incision is least noticeable. 

I have often been impressed when seeing a patient upon whom we have 
performed a subtotal thyroidectomy, the patient having had auricular fibrilla- 
tion and cardiac decompensation and having been almost bedridden, that the 
first comment frequently is : “All ni}'^ friend.s are so impressed with the beauty 



Fig. 4 . — (a) The forward projection of the neck is inadequate when the head is dropped ovei 
the end of the table, (b) The goiter bar improperly placed beneath the neck, causing flexion of the 
neck on the wound. (c) The goiter bar properly placed well down beneath the shoulder blades, 
(d) The goiter bar properly placed beneath the shoulder blades. Forward projection of the thyroid 
can be obtained by elevating the chest. Arrow i shows where the incision must be made if it 
eventually is to be located at the point indicated by arroiv 2, to which it will slip when the goiter 
bar is let down. 

of this scar.” In the meantime, normal rhythm has been restored, com- 
pensation retained, and all activities resumed, but elicitation of information 
concerning the physical improvement requires determined interfogation. 
This is not a critical observation, but indicates the necessity of satisfying 
the patient, and, after all, our obligation is to obtain the best possible scar 
in addition to the best possible exposure. 

In the removal of 22,000 goiters we have learned many things about 
incisions. Not infrequently an assistant who comes to us inexperienced 
with goiter incisions is asked where he would make an incision. He often 
measures with the thickness of his fingers either one or two fingersbreadth 
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a good incision not onl}^ for those surgeons who lack wide experience in 
thyroid surgery but also for those who have had extensive experience. 

A forward projecting position of the neck in goiter operations is of the 
utmost importance not only in making a good incision but, also, in dealing 
technically with partial or complete removal of the thyroid gland. Attempts 
to obtain good exi^osure by permitting the head to drop over the end of the 
operating table or on a table, the upper end of which drops (Fig. 4 a), do 
not compare favorably with the results obtained with elevators properly 
placed beneath the shoulder blades (Fig. 4 c). Goiter bars, which permit 

Fig. 6. 



Fig. 7- 


under and IS, ° wo towels forming a V are placed on tl.e 

patient’s chest and over the shoulders. 
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and forces the thyroid into the wound when the prethyroid muscles are 
severed. ^ I mention this method of exposure further to warn that as 
the neck is arched forward, one must be careful to make the incision a little 
highei than one wants the scar to be because when the goiter bar is let 
down, the incision will descend toward the sternal notch from one-fourth to 
one-half inch (Fig. 4 d, i and 2). 

Another important factor in a goiter incision is the exposure of a suf- 
ficient area of skin over the chest and up over the neck as the wound is 
draped, permitting the establishment of good visual relations as to the 
proper level for the incision. I have frequently seen a goiter incision 
made through a very small aperture in the towels, giving little opportunity 
to relate the extent and location of the incision to the remainder of the 



Fig. 10. — (a) Method of marking out the incision partly through the skin and not penetrating 
the entire thickness of the skin, (b) The incision is deepened until the platysnia can be demonstrated 
and incised in the midline, (c) Metzenbaum scissors are inserted beneath the platysma to separate it 
from the prethyroid muscles. (d) The platysma separated from the underlying structures is now 
incised with scissors. This maintains intact the layer of adipose tissue between skin and platysma 
muscle. 

neck and chest. In Figures 6, 7, 8 and 9 is shown the method utilized in 
this Clinic of draping thyroid patients. A good exposure of the neck is 
obtained, and the anesthetist is excluded completely from the operative field. 

For many years we have taught that the first part of a goiter incision 
should extend only through the superficial one-half or two-thirds of the 
skin (Fig. 10 a) ; it can then be deepened in its central point (Fig. 10 b), 
through the skin, subcutaneous fat and platysma. As the platysma fibers are 
cut, platysma, subcutaneous fat and skin can be picked up above and below with 
double hooks. A pair of Metzenbaum scissors can then be introduced (Fig. 
TO c) and opened beneath the platysma and in front of the prethyroid muscles 
so that the platysma is separated completely beneath both sides of the marked 
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1 do not wish to give the impression tliat a good goiter incision cannot 
l)e obtained by elevating the skin flap in the sulicutaneous fat plane between 
the skin and ])rethyroid muscles. From my experience, however, there 
are real disadvantages to the elevation of a skin flap in this plane: (i) Since 
dissection actually must be upward, it is more difficult and requires a greater 
amount of time to control the bleeding: and ( 2 ) greater postoperative edema 
occuis since tiaumati7ed fat reacts with swelling and edema in the skin 



Fig ij — T he insert shows the method of continuing the goiter incision iijiwaid 
on the side of the neck when serious secondarj superior thjroid hemorrhage has oc 
curred postoperativeh The large illustr.ition shows the exposure of the fust branch 

of the external carotid, the superior thjroid This exposuie facilitates prompt and 

complete contiol of superior tluroid arterj henioiihage 

flap much more than when the fat layer is retained untraumatizeci and when 
the flap is elevated in the plane as described, between platysma and pre- 
tlpn-oid muscles. In addition, when the skin flap is elevated in the layer 
of subcutaneous fat between the skin and prethyroid muscles, dimple- 
producing, .synechia-like scars develop postoperatively between the skin 
and subcutaneous fat. This does not leave the same freely movable skin 

flap that results when the subcutaneous fat layer between the skin and 

platysma remains undisturbed. In addition, the less trauma there is to 
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skin flap often requires considerable determination on the part of the 
surgeon and willinpess to face at times troublesome oozing from small 
vessels. In my opinion, no goiter incision is satisfactory unless the skin 
flap is elevated to such a level that at least an inch of the superior thyroid 
artery can be seen beyond the point at which it enters the apex of the thyroid 
gland. Figure 1 1 shows the method of grasping the folds of the upper skin 
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Fig 14 — Iiiner\ation of the prethyroid muscles bj the descending bianch of 
the hypoglossal nerve at the point at which it is injined when the incision is 
incorrectly made at a lower level. 


flap in order to get adequate height of exposure. ^Vhen a skin flap is so 
elevated, double ligation of the thyroid artery well off the thyroid gland with 
two ties is possible. This insures against postoperative hemorrhage from 
the superior thyroid artery, a most troublesome hemorrhage, since when 
a ligature on the superior thyroid artery slips, the bleeding vessels retract 
up into the fascial plane of the neck, and it is most difficult to clamp and 
control them without wide exposure. This clear exposure by high elevation 
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bleeding- in a toxic patient sometimes too ill to be submitted to more than 
one operative procedure for the control of a postoperative hemorrhage. 

I know of no surgical procedure which has occasioned greater disagree- 
ment and more argument than the question of whether one should cut across 
the pi ethyl oid muscles, seA^er them and resuture them, or Avhether sub- 
total thyroidectomy should be performed with the prethyroid muscles uncut 
and I'etracted to one side. A subtotal thyroidectomy can be undertaken very 
Avell without severing muscles, but I personally am not interested in operat- 
ing upon a patient for thyroid disease Avithout the best possible anatomic 
exposure of the thyroid and its adjacent and related structures. If an 



CORRECT 

Fig. i6. — (a) The wrong method of drainage. A counter incision for drainage can nevci he 
concealed, (b) The drain must pass between the prethyroid muscles when brought out through the 
central portion of the wound. The skin can become adherent to the trachea when the drain is with- 
drawn, thus producing upward and downward motion of the scar with swallowing. (c) The 
method of drainage, either through or over the sternomastoid muscle, the drain emerging through 
the e.xternal angle of the wound. AATth the drain so inserted, the prethyroid muscles can be accur- 
ately sutured in the midline, and there are no adhesions between the skin and trachea. 

adequate incision is essential in order to obtain exposure for a cholecystec- 
tomy, hysterectomy or nephrectomy, it is doubly necessary for a successful 
subtotal thyroidectomy. Many operations for hyperthyroidism involve risk 
of the patient’s life. Anything Avhich facilitates the exposure adds to the 
ease of execution of the operation and makes easier the determination of 
what proportion of the entire thyroid gland is to lie removed, and by demon- 
stration of its anatomic relation to the parathyroids and recurrent lary- 
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geal nerves, adds greatly to the ease and success Avith which these struc- 
tures can be preserved. We have demonstrated, conclusively, that if 
the prethyroid muscles are cut and sutured high there is no functional dis- 
ability and no disfigurement. If I must choose between cut muscles which 
can be sutured satisfactorily and a greater hazard of injury to a parathyroid 
or a recurrent laryngeal nerve with the muscles uncut, I will, and have, 
consistentlv chosen the former. 

Because we have performed so many operations upon toxic goiters in 
two stages, Ave have had the opportunity to cut the muscles on one side, scav 



them together, haA^e the patient back at the end of six Aveeks for the second 
stage (left subtotal hemithyroidectomy) and observed the condition of the 
muscles. Invariably one can hardly find the ])lace Avhere the muscles have 
been sutured, if the incision is made high so that innervation is not dis- 
turbed and there is no disfigurement or disability (Fig. 13). The tAvo essen- 
tial features involved in transection of the prethyroid muscles, in order to 
obtain better exposure, are that they must be incised high and sutured high, 
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well up under the upper portion of the wound (Figs. 13 and 14). This 
avoids deneivation of the prethyroid muscles, and, most importantly, staggers 
the muscle sutures high up under the skin flap (Fig. 15 a) and not low on 
the same level with the-skin incision (Fig. 15 b). The easiest level at which 
to transect the prethyroid muscles is low, where the nerve innervation is 
endangered, and where the muscle suture rests close to, or immediately be- 
neath, the skin incision (Fig. 15b). This error tends to produce unfortunate 
wound complications and to make undue prominence from the double line 
of sutures of skin and muscle directly beneath the skin incision. 

I am sure that high severing of the prethyroid muscles, clamped well 
out beneath the sternomastoid, which has been freed and pulled back, has 
resulted in infinitely better exposure, in drier fields, more anatomic dissec- 
tions, and more radical dissection, and has resulted in neither organic dys- 
function nor disfigurement. 

In closure of the skin wound the prethyroid muscles must be sutured 
accurately and without tension. The muscles in the midline are best brought 
together with interrupted sutures, making certain they are accurately approxi- 
mated between the skin flap and the trachea, thus serving to prevent the 
trachea from becoming adherent to the skin. 

If drains are inserted, no counterincision should be made beneath the skin 
incision through which the drain is to emerge (Fig. 16 a) because this 
produces an ugly scar which cannot be covered by a necklace. Likewise, if 
a drain is inserted, and they are rarely employed at this Clinic, it should be 
brought out at the external angle of the wound either through the belly of 
the sternomastoid (Fig. 16 c) or in front of the sternomastoid between it and 
the sutured prethyroid muscles. This brings the drain out through the comer 
of the incision where the skin incision cannot become adherent to the trachea. 
If the drain is brought out in the midline between the prethyroid muscles 
(Fig. 16 b), these muscles gap and the organized scar which fills the hole 
between the prethyroid muscles when the drain is withdrawn, permits the 
trachea to become adherent to the skin, making the scar “bob” up and down 
when the patient swallows. It is well to bear in mind, however, that if 
bleeding is painstakingly controlled and if the cut surface of the thyroid 
is turned against the trachea and sutured there, as we have repeatedly advised 
(Fig. 17), rarely, except in the large intra thoracic goiters is it necessary 
to use drains. With wound closure without drainage we have had no 
more accumulation of serum in the wound than when drains were employed. 

Finally, for many years, in closure of the skin we have employed no 
subcutaneous sutures in the platysma. Omitting the suturing of the platysma 
muscle in no way results in spreading of the scar, as we have also proved 
by experience with many patients in whom no platysma sutures have been 

employed. 

The skin, closed as it is without drainage, is approximated accurately 
with clips. The care taken in accurately placing cut skin edges together 
with clips plays a great part in the appearance of the scar. If the upper 
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THE PRE- AND POSTOPERATIVE USE OF A MFTAT 
TIPPED GASTRODUODENAL TUBE AS AN Am IN TOE SUP r>r at 
TREATMENT OF DUODENAL OBSTRUCTION IN THE SoR^ 

E. P. Maris, M.D., A. C. McGuinness, AI.D., H. F. Lee, M.D. 
Jonathan E. Rhoads, M.D., and " > alter Estell Lee, M.d/ 

Phii.adki,piiia, Pa. 


FROM THE CHILDREN'S AN’D THE PENNSYLVANIA HOSPITALS OF PHILADELPHIA, AND THE DEPARTMENT OF 
PEDIATRICSj SCHOOL OF MEDICINE, UNIVERSITY OF PENNSYLVANIA 

Congenital obstructions of the duodenum have always presented a 
difficult surgical problem, and the mortality has remained high in spite of 
numerous changes in treatment. Ladd has made an imiDortant contribution 
to the field by showing that most of those obstructions due to extrinsic 
causes are associated with fault}^ rotation of the large bowel with or without 
volvulus of the midgut. 

It is evident, in reviewing statistics on this subject condensed from 
Ladd and Gross’ (Table I), that the mortality of intrinsic obstruction has 
remained much higher than that experienced from extrinsic obstruction 
since the introduction of Ladd’s operation for the latter. It also seems 
evident, from the figures cited, that anastomosis is extremely hazardous 
in the infant and that the lower in the bowel anastomosis is performed the 
greater the danger, ^^fi^ether the high mortality associated with simple 
enterostomy is due to the danger of opening the bowel or whether it is 
due to the great difficulty of supportive treatment after these procedures, is 
not clear from the statistics. One of us (W. E. L.) has performed jeju- 
nostomy with success in two newborn infants. 

It seems possible, therefore, that a small opening in the bowel is not as 
dangerous as has sometimes been believed, but that the mortality associated 
with enterostomy has been due to metabolic disturbances and to the selection 
of patients with poor vitality for this procedure. 


Table I 

MORTALITY IN CONGENITAL STENOSIS AND ATRESIA OF THE SMALL BOWEL, COMPARED WITH THE MORTALITY 
IN CONGENITAL OBSTRUCTION OF THE DUODENUM DUE TO EXTRINSIC CAUSES 
Condensed from Ladd and Gross 
Jejunostomy or 
Ileostomy 
No. of 


Gastro-enterostomy 
No. of 


Entero-cnterostoniy 
No. of 


Stenosis of duodenum 

Atresia of duodenum 

Stenosis of jejunum 

Atresia of jejunum 

Stenosis of ileum 

Atresia of ileum 


. Total 26 

(intrinsic obstruction) 

Total of all intrinsic obstruction “ses 

Total of all extrinsic obstruction ** 

Total of extrinsic cases treated by Ladd’s method. . .33 cases 
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Cases 

Mortality 

Per Cent 

Cases 

Mortality 

Per Cent 

Cases 

Mortality 
Per Cent 

1 

100% 

2 

50% 

7 

72% 

0 

— 

1 

— 

4 

100% 

0 

— 

2 

50% 

— 

— 

0 

— 

2 

— 

6 

50% 

3 

100% 

0 

— 

4 

50% 

22 

100% 

0 


12 

75% 

26 

100% 

7 

50% 

33 

70% 


16 lived, or 75 per cent mortality. 
27 lived, or 38 per cent mortality. 
27 lived, or 23 per cent mortality. 
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^^ilh a transverse incision throng'll the antimesenteric border of the bowel at 
a point one to two inches below the obstruction, through which a hemos’tat 
can be inserted as in Fig. 2 to grasp the metal tip of the tube (and the dia- 
phragm) and thus tear or bite an opening through the diaphragm and draw 
the tube four or more inches into the lumen of the bowel distal to the ob- 
stRiction. Subsequently, the incision in the bowel wall is closed transversely 
with two layers of sutures. 

The following four case reports illustrate the use of such tubes : 



Fig. 2. — Method of destroying duodenal diaphragms employed in Cases i and 4. 

The only opening in the bowel is small, antimesenteric, and is placed below the ob- 
struction through normal bowel wall. It is closed transversely. 

ILLUSTRATIVE CASES 

Case I. — Baby S. T. A., a female infant, regurgitated bile-stained material from 
birth. Roentgenologic examination, at the age of four days, showed dilatation of the 
stomach and duodenum but practically no air in the remainder of the intestinal tract 
(Fig. 3). An operation under ether anesthesia revealed numerous tight fibrous bands 
across a distended duodenum. These were released. The collapsed bowel did not 
fill-out much but it was thought that it did increase in diameter slightly. The condi- 
tion of the child being critical, the abdomen tvas dosed. 

Vomiting continued, and roentgenologic examination, made three days after opera- 
tion, again showed an absence of air in the intestine. A brass-tipped gastroduodenal 
tube (No. 10 F.) was then manipulated as far as the duodenum under fluoroscopic 
guidance and the wound reopened. An attempt to pass the tube along the duodenum 
revealed, by palpation and visualization of the brass tip, the presence and location of a 
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diaphragm. This was then destroyed, as shown in Figure 2, and the tube drawn about 
three inches into the lumen of the jejunum. Following this operation the baby began 
to have yellow stools and gradually to gain weight. Roentgenologic examination a few 
days later showed a considerable quantity of gas in the intestine (Fig. 4). The patient 



Fig. 3 . — Case i: Roentgenogram of Baby S. Fig. 4 . — Case i: Roentgenogram of Baby S. 

T. A. before relief of the obstruction. T. A. after relief of the obstruction. 

was discharged from the hospital, in good condition, four weeks later, and reached 
normal weight at the end of the third month. 

The conditions encountered in Case i are shown diagrammatically in Figure 5. 




Fig. s. — Diagram of the operative findings in Case i. 

Case 2. — Baby S. T. I., a male infant, vomited greenish material from birth. 
Roentgenologic examination, with barium, showed duodenal obstruction. Prior to 
operation the brass-tipped gastroduodenal tube was passed. In this infant adhesions 
over the second portion of the duodenum had to be divided. It was again found difficult 
to pass the tube into the distal duodenum but it finally slipped through a strictured 
area, and some three inches of the tube was left in the proximal jejunum. Subsequently, 
six hours later, the tube had to be removed because of gagging and respiratory em- 
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baira.ssnicnl but, _ nevertheless, the child began to pass stools within 24 hours and he 
has gradually gamed weight and slrengtli,-^ and his bowels were functioning normalh 
ircc weeks postoperatively. At six months of age he weighs 77 pounds, has the usual 
diet and has leached the normal level of development. 

Case 3.— Baby A. G., a female child, was admitted to the Children’s Hospital 
because of persistent vomiting of bile-stained material. Operation was deferred until the 
27th day of life because the obstruction was not complete. After conservative treat- 
ment during this period had failed to result in improvement, operation was undertaken. 



Fig. 6 — Case 4 Jlaiked dilatation of tlie duodenum at the age of two years. 


with the aid of a No. 10 F. brass-tipped duodenal tube. The duodenum was found to 
be dilated and rather tight bands passed over it near the duodenojejunal flexure. After 
the right half of the colon was reflected to the midline, these bands were divided. It 
was then found that some of the small intestine had become adherent on the lateral 
side of the mesentery of the ascending colon. The brass-tipped tube was of decided 
value in determining the patency of the duodenum in the confusing anatomic anomalies 
found at operation. 

After freeing all of the abnormal bowel attachments, the abdomen was closed and, 
except for respiratory difficulty necessitating removal of the tube during the period of 
reaction from anesthesia, a satisfactory convalescence followed. 

Case 4 —Baby R. J. L-, a two-j^ear-old female child, was admitted to the Children s 
Hospital on account of recurrent episodes of vomiting. The vomitus was usually bile- 
stained Roentgenologic examination showed evidence of partial obstruction m the de- 
scending portion of the duodenum, with an extreme degree of dilatation (Fig. 6). 
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At operation, the duodenum was exposed by reflection of the colon and a No. 12 F. 
Miller-Abbott tube, which had been previously introduced, was moved as far down the 
duodenum as possible. In the last portion of the duodenum the tip was deflected toward 
the mesenteric side by a shelf of tough fibrous tissue. Here it caught in a pocket and 
could not be advanced further. 

The bowel was opened below the obstruction and along its antimesenteric border, 
as in Case i, and the tip of the tube, together with the walls of the diaphragm, were 
seized with a hemostat. As they were drawn down and through the incision in the 
duodenal wall the diaphragm was incised, and the brass tip and tube drawn into and 
left several inches in the lumen of the jejunum. The opening in the bowel was closed 
transversely. ( 

Convalescence was satisfactory, and the patient’s symptoms were relieved im- 
mediately. In this case, had it not been for the tube, ‘an anastomosis probably would 
have been necessar5^ With this patient the tube remained in the jejunum for three 
weeks, and was used for feeding. 



Fig. 7 . — Narrowing: of the duodenum without complete obstruc- 
tion. This condition was found in Case 2. 


Discussion. — In attacking the problem of congenital duodenal obstruc- 
tion, it is desirable to avoid anastomosis and to open the bowel as infre- 
quently as possible. When it is necessary to open it, the incision should 
be as short as possible, and should preferably be made through normal 
bowel wall at a point where it will not interfere with the blood supply of 
adjacent portions. 

A duodenal tube, such as is shown in the insert in Figure 2, may perform 
four functions. It is employed, first, to deflate the stomach. Next, when 
followed fiuoroscopically, it may give additional evidence on the point of 
the obstruction. Third, it is available at the time of operation to test the 
patency of the duodenum after the latter has been freed. Fourth, it makes 
possible the destruction of a diaphragm, by the method illustrated in Figure 2. 
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This method fulfills the criteria outlined above rather well, and should entail 
a relatively small risk of peritonitis. 

A word of caution is necessary in regard to the employment of the 
gastroduodenal tube during the early postoperative period. The two-year-old 
child was not disturbed by the presence of the tube at this stage. All three 
of the newborn infants, however, each of whom tolerated the tube well 
preoperatively and during the operation, showed evidence of serious respira- 
tory difficulty, and a condition resembling shock at some time during the 
period of reaction from anesthesia. Prompt removal of the tube resulted 
in relief in each instance. From our experience, it would seem advisable to 
remove the tube before complete reaction from the anesthesia takes place. 
Eighteen to 24 hours postoperatively the tube has been reinserted, for relief 
of distension, without the recurrence of unfavorable signs. 



Fig 8 — Comolete atresia of the duodenum reciuinng gastro 
jejunal anastomosis. 

If no diaphragm is present and only a stenosis is found, it may be 
possible to pass the tube through the narrowed area, as in Figure 7. In 
certain cases an atresia of a considerable segment of bowel is present (Fig. 8). 
In these cases there would seem to be no alternative other tlian to perform 
an anastomosis. 


CONCLUSION 

A duodenal tube with a metal tip of sufficient diameter to be visualized 
and grasped through the bowel, is recommended as an adjunct in operations 
for relief of congenital duodenal obstructions. 

Its use in four cases is described which are illustrative of its value. 

We wish to acknowledge our indebtedness to Dr. Paul Bishop and Dr. Ralph 
Bromer for the roentgenograms, and to the Harrison Department of Surgical Research, 
University of Pennsylvania, for assistance with the illustrations. 
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Frederick B. Wagner, Jr., M.D. 
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The unique aspects of congenital c)^stic dilatation of the common bile 
duct, otherwise known as choledochus cyst, make it interesting, notwith- 
standing its rarity. The relatively few reports in the literature warrant 
the accumulation of all the available data in order to arrive at a thorough 
understanding of this subject. With this in mind a complete review of the 
literature is made and a case report is included. 

The outstanding features of the case, herewith cited, are as follows : 
The condition was suspected preoperatively, and peritoneoscopy was under- 
taken as an adjunct in diagnosis. The cyst was extirpated and right and 
left hepaticoduodenostomy performed over No. i8 F. catheters. The latter 
were removed through a gastroscope by Dr. Clerf during a second hospital 
admission, ii weeks postoperatively. Recovery ensued. 

Case Report. — P. W., white, male, age 20, was admitted to the ward medical 
service of the Jefferson Medical College Hospital July ii, 1941. The chief complaints 
were pain in the right upper abdomen, a mass in the same area, jaundice, and fever. 

The patient had been well until November, 1940, at which time he experienced 
his first attack of pain in the right upper abdomen. The pain was definitely localized 
at the right rectus-costal margin junction; it was sharp, did not radiate, and lasted 
for three to four days, with acute exacerbations seven or eight hours apart. This pain 
was followed within 24 hours by a mass in the same area, jaundice, and slight fever. 
He was studied for one week at his College Infirmary and discharged to the care of 
his family physician, with a diagnosis of catarrhal jaundice. During the following 
month the jaundice and fever gradualb’- disappeared, but weakness persisted, and he 
was advised to remain out of college in order to regain his strength. 

From December, 1940 to June, 1941 the patient remained at home and performed 
small chores. The mass in the right upper abdomen persisted, but without pain, 
jaundice, or fever. He ate an ordinary diet and took no drugs. 

About two weeks prior to admission, the patient again experienced pain in the 
right upper abdomen, which had the same characteristics previousl}’^ noted ; it lasted 
for eight hours and was severe enough to force him to bed. The pain was again 
followed, as in the previous attack, by jaundice and fever. With each attack of jaundice 
the urine became darker than usual, and the stools were of a light brown color, but 
not clay-colored. There was a loss of seven to eight pounds in weight with each 
attack, but this was subsequently regained, and the weight on admission was that 
normally noted. Vomiting did not occur at any time. A review of all the re- 
maining systems revealed a normal history. His past medical history was uneventful, and 
the family history failed to reveal any member ever suffering from similar complaints. 

* Presented before the Philadelphia Academy of Surgery, December 7, 1942. 

t From the Samuel D. Gross Surgical Division of the Jefferson ^fcdical College 
Hospital. 
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Physical Examination.— T \k patient was a well-develoned slie-litlv nnri 
white male, who appeared chronically ill. Temperature ooa" md '‘■"‘’"''“''"I 
.ions ao. Blood pressure rra/yo. ^ei,ht .:3 V. hfd ' si M pi io /“T. 

sreemsh tmge to the shin. The scleras were markedly jaundiced. The Lgue tal 
coaled and a few tonsillar tabs were present on the left side. There was slight 
miterior cervical lymph node enlargement. The heart and lungs were essentially norm 
There was prominence ol the superSeial veins over the- right lateral chest wall. A 
large, globular mass, about si.x inches in diameter, was visible in the right upper 
quadrant of the abdomen, which moved on respiration toward the midline and verv 
slightly downward. It was firm and smooth on palpation, and no definite edge could 



Fig I. — Plain film of the abdomen sboniiig the faint outline of the mass 


be made out. There was a resistance to the palpating hand from the right anterior 
superior iliac spine across the navel to the left costal margin, which was suggestive 
of hepatic enlargement; percussion note over this area was flat. The remainder of 
the phj^sical examination was essentially normal. Diagnostic Impression: Abdominal 
mass with obstructive jaundice. 

Laboiatory Data and Special Studies . — ^Examination of the blood showed; Hemo- 
globin 65%; red cells, 3,720,000; white cells, 5, 600, with polymorphonuclear cells 48%, 
lymphocytes 46%, and monocytes 6%. Color index 0.88. 

Urinalysis, repeated at intervals of several days, showed deep green color (gross!} 
bile-stained) ; reaction sometimes acid, sometimes alkaline ; specific gravity ranging 
between 1.009-1.027; albumin varying from none to moderate amounts; sugar, negative, 
occasional triple phosphate crystals ; no red blood cells ; pus cells absent in some speci 
mens, and present up to 30 per low power field in others ; no casts. Test for presence 
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of bile pigment was strong!}' positive in three different specimens. Test for urobilinogen 
was positive in three different specimens in dilutions varying from 1-5 to 1-40. 

Stool examination revealed a normal amount of bile pigment present. 

Wassermann and Kahn serologic studies were negative. 

The sedimentation rate was rapid, with a fall to 31 mm. within one hour. 

Blood sugar (fasting) was 77 mg. Glucose tolerance test revealed a fasting sugar 
of 72; hr. 128; I hr. 113; 2 hrs. 63. 

Serum cholesterol was 163 mg. and one week later 173 mg. 

Serum phosphorus was 3.6 mg. and serum phosphatase 21.4 Bodansky units. 

Serum proteins were 6.23 Gm., with albumin 3.46 Gm. and globulin 2.77 Gni. 

Prothrombin times taken several days apart and during treatment were 38%, 40%, 
63%, 87%, and 66%, respectively. 



Fig. 2 . — Gastro-intestiiinl sciies showing; (lis|>lncement of stomach nml 
jejunum. 


Bromsulfalein test showed 15% of di'c retained, and the test repeated one week 
later showed 20% dye retained. 

Van den Bergh test showed a positive direct reaction, with serum bilirubin of 3.5 mg. 
The same test repeated one week later again showed a positive direct reaction, with scrum 
bilirubin of 4.6 mg. 

Hippuric acid test showed an excretion of 1.20 Gm. as benzoic acid. 

Urea clearance was 85% of average normal. 

Circulation time was 15 seconds; venous pressure too mm. of water; aud vita! 
capacity 4.500 cc. 
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BiHaiy diainagc revealed occasional cholesterol ciystals in the A and B specimens 
and none in the C specimen. ’ 

Sigmoidoscopic examination was normal. 

Roentgenologic Studies.—Plain film of the abdomen (Fig. i) ; There is a diffuse 
haze over the upper abdomen which seems to be due to a greatly enlarged liver. The 
spleen is not visible and both kidneys are normal in size and shape. Roentgenologic 
IntC! pretation : Enlarged liver. 

Cholccystogtam: Examination of the abdomen 15 hours after the ingestion of the 
djm does not show any evidence of a gallbladder shadow. Theie is a large mass in 
the right side of the abdomen, a portion of which is enlarged liver. This extends 
downwaid as far as the upper portion of the ilium, and it may be that there is a 



Fig. 3. — Barium enema showing displacement of the hepatic flexure 
and transverse colon. 


mass which is distinct from the liver. A roentgenogram made three hours later still 
shows no evidence of dye in the gallbladder. Interpretation: Nonvisualization of the gall- 
bladder by oral cholecystography. Large mass on right side of abdomen. 

Gastro-inteshnal Series (Fig. 2) : Fluoroscopy of the chest was negative The 
esophagus was negative to barium liquid and paste. The stomach was elongated an 
markedly displaced to the left. Its greater curvature was one centimeter below tie 
iliac crest. The stomach exhibited smooth indentation along its lesser curvature, ap 
parently due to extrinsic pressure. The rugal pattern was intact. The antrum was 
flattened and displaced anteriorly and to the left, apparently by extrinsic pressure. 
There was no evidence of an intiinsic organic lesion of the stomach. The duo eiiun 

358 



CT OF , „,nUnS 

coKGFKvr^^ cvsi or ^s. 

:;:ir - >rr--t 

'SV;^ - :r I: i - - 

progress ^c?t ^ . bavi«''' bav'«'^' ^tic fte:!cvif<^ 

.as s--\rs^rea>.^v "’rr-n-'^' ^ -^- 


«?* , 


. '^-£i 


'W 


r 


ipp 




'5=^ „ retent'oa o' 

? iuodena'i^’ 

r.o. *-fr.o a"““' ”" ,. - la'ffW'""”", „„ tte f"?' ’ iws taas 

..esuoa oi aa ev«^ J^, 

gas«°-"'‘td’tton, aPP“7"‘«coma »' “ ^ U'^'' ‘T <«'‘. "“of *e Fepatic 
be either a 3) • ^s io’' -Hov.'ever> 

.®"”S.e1 '«®': 's£ a«a.as «^S =-«"'* i’t “«’’^;wrrao eval<^-'“ 

- :r»aS«-^fa:r.t a-, -a.- 

S cecal area .as 



Annals of Surgery 
^larch, 1943 


SHALLOW, EGER AND WAGNER, Jr. 

of a defect Following evacuation there was noted a small residue in the sigmoid and 
m the cecal region. Interpretation: Barium enema study of the colon shows evidence 
of extrmsic pressure on the hepatic flexure and possibly on the transverse colon. The 
cecum filled with difficulty ; however, no lesion could be demonstrated. 

Intravenous Urogram (Fig. 4) : Both kidneys are normal in size, shape and posi- 
tion. The contrast material was normally excreted by both kidneys, and the pelves 
and calices have a normal appearance. There is a tendency to retention of the contrast 
material in the upper part of the right ureter. This might be an e.xpression of early 
pressure by the abdominal mass that is present. However, one hour after injection, 
practically all of the contrast material had been eliminated from the kidneys. The 
bladder has a good degree of density and is small in outline. Interpretation: Normal 
appearing and functioning kidneys. The abdominal mass might be beginning to press 
upon the right ureter. 

Peritoneoseopic Examination: This was performed under local 1% novocain anes- 
thesia. The peritoneal areas were well visualized. The only abnormal finding was a 
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Operative Approach 
Fig. S. — Operative approach to choledochus cyst. 

large retroperitoneal mass which displaced the duodenum anteriorly and medially, the 
liver superiorly, and the hepatic flexure of the colon interiorly. The mass was cir- 
cumscribed and was soft, probably of cystic nature. Impression: Retroperitoneal mass 
near the right kidney of cystic nature, possibly a cyst or a polycystic right kidney. 

Preoperative Course. — The patient was given a high caloric, high carbohydrate, 
moderate protein, low fat, high vitamin diet. Because of flie low prothrombin time, 
vitamin K was administered intravenously daily, and with this therapy the prothrombin 
time approached more nearly the normal levels (see laboratory data). Sodium phosphate 
was also administered orally each morning. During this time the patient was being 
studied carefully, the results of which are given under the laboratory data and specia 
studies A low-grade fever was present, there being usually a slight rise daily from 
normal to seldom more than 100° F. On July 29, I 94 i, the patient was transferred 
to Men’s Surgical “A” Service. Final Preoperative Diagnosis: Retroperitoneal m , 
probably choledochus cyst, with obstructive jaundice. 
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111 the first i>ortion of the duodenum over the tip of the hemostat equal in length 
0 the dmmeter of the hepatic duct. The catheter was then pulled through the incisln 
b}' the hemostat and the hepatic duct was sutured to the duodenum with black silk 
sutures. With further traction on the catheter by the hemostat the hepatic duct was 
pulled into the duodenum for about one half inch, and the serosa of the duodenum 
was sutured to the duct. This procedure was repeated in anastomosing the right 
hepatic duct to the first portion of the duodenum (Fig. lo). The catheters passed 
through the pylorus and lay free in the stomach. The gastrotomy was then closed 
with black silk sutures. Figure ii is a plain roentgenogram of the abdomen taken 
postopcratively showing the catheters in place. The peritoneum and the remainder 
of the wound were then closed in layers around drains. Four heavy black silk stay 
sutures were introduced. 



Extirpation, oj Cyst and Gall Bladder 

7. Extirpation of choledochus cyst and gallbladder, showing clamps on bile ducts before division. 

After one hour and fifteen minutes the anesthesia was supplemented by c3'clopropane 
and ether inhalation by the closed Heidbrink method. The total operating time was 
two hours and fifteen minutes. The patient left the operating room in good condition. 
Figure 12 shows the specimen removed at operation. 

Pathologic Examination.— Gross: Specimen A consists of a large cyst, 15 cm. 
in diameter. The wall is greenish-yellow, inelastic and fibrous. It contains serosanguin- 

eous fluid. There are no papillae. , . , 

Specimen B consists of a gallbladder, measuring 8 x 5 cm., to which he cys ic 
duct, 5 cm. in length, is attached. The gallbladder is thickened and fibrosed and the 
mucosa is necrotic. It contains greenish, purulent liquid, and no calculi. 

The cvstic duct is dilated to one centimeter in diameter in certain sections, i 
is tortuous' and its wall is thick and fibrotic. No section of the duct was taken as the 
specimen is for the museum. 
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On the sev^itecntli clay, liver function studies revealed 20% dye retained; positive 
direct van den Bergli reaction; and serum bilirubin 1.6 mg. 

A roentgenogram of the abdomen on the eighteenth day revealed two pieces of 
rubber tube presen_t in the upper left abdomen, the upper ends being on a level with 
the twelfth thoracic vertebra and the lower ends extending down to the level of the 
fourth lumbar vertebra. This study was repeated on the thirty-third day and showed 
t at the two pieces of rubber tube mentioned previously were still present in the upper 
left abdomen and coincided with the gas shadow of the stomach and were probably 
within the stomach. They occupied the same position as in the last examination. 

On September 6, 1941 (37th day post operatively), the patient was discharged as 
improved. Jaundice had disappeared, the operative site was well healed, and the patient 
asymptomatic. He was instructed to return in six weeks for further study and removal 
of the tubes. 


^16 Frencli Cathetei* QTJCliored. 
iT\ Hepatic Duct witK black siJk 



Ii^cision ecjual to diameter of Hepatic Duct 
made over tip of heinostat in DuodenuTn, 
introciuced. tKrougK gastrotomy 


3 



Hepatic Duct with catheter approximated 
and sutured to Buodenum with aid of traction 
by hemostat 



Duodenum invaginaled. for onehalf inch 
by further traction with hemostat on 
catheter, and serosa sutured to Duct 


Fig. 9. — Steps employed in htpaticoduodenostomy. 


Second Hospital Admission . — The patient was readmitted October 20, 1941. He 
stated that he had felt well since-his discharge from the hospital. The presence of the 
tubes in his stomach did not cause him distress of any kind. His appetite was good, 
and he had gained three pounds weight. His weight on this admission was 146 pounds. 
His bowels were regular and the stools were normal in consistency and color. The 
remainder of the systemic review was normal. 

Physical Examination . — Except for the healed scar of the previous operation in the 
right upper abdomen, the physical examination was normal. 

Laboratory Data . — Blood count revealed hemoglobin 84%; red blood cells, 4,100,000; 
white blood cells, 8,100; and color index, 0.9B. Urinab'^ses were normal. Liver function 
studies revealed 10% dye retained (bromsulfalein test) ; positive direct van den Bergh 
reaction; and serum bilirubin 1.3 mg. 

Reexamination of the upper abdomen roentgenologically again showed the pres- 
ence of two tubes which overlay the gas shadow of the stomach and were apparently 
within this organ. The ends of both tubes were visible and apparently both ends also 

lay within the stomach. . 

Subsequent Treatment.— On November 3, I94L a double-plane fluoroscopically as- 
sisted gastroscopy was undertaken for removal of the tubes. Two rubber drainap 
tubes each about eight inches in length were localized in the stomach along die 
greater curvature and in the cardia. Each of them was grasped at the distal end with 
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included, making a total of 44 Japanese cases. The remaining 34 cases 
constitute a miscellaneous group in which 14 are taken from reports mentioned 
in reviews by previous authors, 19 cases not analyzed in i:)revious reviews, 
and the present case report. The latter 20 cases are analyzed in Table V 
according to the method of Zinninger and Cash^”*® (1932) and extended by 
Poate and Wade'’^” (1941). 

The most complete reviews of this subject in the past are those of Waller'-' 
(1917), McWhorter®' (1924), Seneque and Tailhefer'°® (1929), Zinninger 
and Cash"® (1932), Clark®^ (1932). Gross" (1933), Yotuyanagi"' (Japanese 
literature (1936), Walton'-® (1939), Poate and Wade®'® (1941), and Ban- 
gerter" (Gei'man, 1941). 



INCIDENCE ^ ^ T aA 

The extreme rarity of this disease is illustrated by the fact that Jud 
and reported only one case of conge^. cy..c 

of the common bde “pern .one 

relatively more frequent in that country. 
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modifying factors as infection, spasm, kink, valve formation, or stenosis 
which cause further development of the condition (Zipfi‘“’). 

_ 6. Achalazia may be present at the sphincter of Oddi, causing obstruc- 
tion by neuromuscular incoordination (Rol]eston»') . Weber^^i agrees with 
this concept, and believes the condition is explainable on the basis of “auto- 
nomic neurodysplasia.” The similarity in etiology to megalocolon, megalo- 
esophagus, and megaloureter is suggested, and Weber states that the term 
“megalocholedochus’’ is applicable. 



Fig. 13. — Photomiciograph of wall of cyst, (x 100) 

7. The cystic dilatation may be caused by the presence of a valve-like 
fold of tissue over the mouth of the intraduodenal portion of the choledochus 
( Bakes, Sternberg,^^" Clairmont,^- Neugebaiier,®® and Rostowzew^®) . 

8. Rests of pancreatic tissue in the wall of the choledochus weaken it 
and permit local dilatation. An analogy is drawn to diverticula of the duo- 
denum in association with aberrant pancreatic tissue (Budde^^). 

9. The cyst may spring from an abortive diverticulum from the chole- 
dochus similar to the diverticulum which gives rise to the ventral pancreas 
(Winternitz^®®). 

10. Choledochus cysts may spring from accessory gallbladder formations 
which are evaginations from the common duct (Budde”'’ and Erdely ). 

11. The cyst may represent a complication of pregnancy as by pressure 
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J he characteristic pathologic change is a cystic dilatation of that portion 
of the common hile duct lying alwve the duodenum.' The intraduodenal 
portion and lower two centimeters of the common bile duct are not involved 
in the dilatation as a rule. The lesion involves the whole circumference, 
and is thus not a diverticulum. It is not a cyst in the strict sense of the 
word, but may be termed “cystic” as it has a relatively thin wall and is 
full of bile. As a rule, only the common bile duct is involved in the cystic 
dilatation, so that at the upper pole there are two openings — the common 
hepatic duct and the cystic duct. In some cases, however, as the case being 
reported, Cases i, 2, 3, and 6 of Walton, and in the case of FowleL-is 
the common hepatic duct shares in the formation of the cyst, thus accounting 
for three openings at the upper pole— the two hepatic ducts, and the cystic 
duct. At the lower pole the cystic dilatation communicates with the duo- 
denum by means of the lower uninvolved part of the choledochus. 

The pathologic findings in congenital cystic dilatation differ from those 
found in obstruction of the common bile duct by internal or external pressure. 
The cyst is spherical but always eccentric and thus differs from the uniform 
dilatation seen above an obstruction. Furtbermore, in the congenital type 
the enlargement is usually localized, whereas in the common types due 
to stone, tumor, traumatic stricture, or pancreatitis the extrahepatic and 
intrahepatic ducts and often the gallbladder enlarged as a whole above the 
site of obstruction. 

The cyst may vary in size from a walnut to a mass larger than a full 
term pregnancy. The amount of fluid may vary from 30 cc. to several 
liters. In Yotuyanagi’s^'*'* second case the cyst contained 5,200 cc. and 
Fukada’s^^^ first case contained 5,000 cc. In the case of Reel and Burrell,^’’ 
disputed by Poate and Wade'’^ (i94i) not being an authentic case, 8,000 
cc. are reported. There is little relationship between the duration of symp- 
toms and the size of the cyst. In Bolle’s case the cyst was “larger than a 
man's head,” and symptoms had been present for only two weeks. In 
Krabbel’s’*’ case the c)’^st Avas “the size of a fist,” and symptoms had been 
present for eight years. 

The cyst Avail is usually thickened, seldom thinned out. It may vary 
from 2 to 7.5 mm. in thickness. The characteristic histologic picture of 
the common duct is usually lost, so that only a fibrous sack composed of 
dense connective tissue remains. Sometimes elastic fibers and smooth muscle 
elements are present, and rarely glands. The lining of the cyst usually lacks 
epithelium, but cylindrical or cuboidal epithelium may be present. The^ inner 
surface may be roughened and coated Avith heavy irregular deposits of bile 
pigments. In infected cases there may be purulent exudate on the inner wall 
and sometimes ulceration. As a rule the cyst wall shoAvs microscopic evi- 
dence of extensive inflammatory reaction. 

Some authors have described valve-like folds within the cyst. When 
these thin flaps of tissue are present, they are adjacent to the openings of 
the ducts. These valves may be several millimeters thick and 1.5 to 2 cm. 
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if the cystic duct is dilated. Cases in which the gallbladder is dilated are 
usually those in older patients in whom the process has been of long duration 
In some cases the gallbladder is contracted. Very seldom does it contain 
stones or gravel. It usually contains clear bile, but in some cases may be 
empty and chronically inflamed. 

The pathologic changes in the liver are not uniformly characteristic and 
no doubt depend on the degree of obstruction. Frequently the liver is 
enlarged. Cirrhosis is, common, the liver being of a firm consistency and 
having a fine pebbly surface. The intrahepatic ducts are not dilated as a 
rule. Microscopically, one finds evidence of cirrhosis with increased peri- 
portal connective tissue and ]jroliferation of bile capillaries. Infection is 
fre(|uent, and the portal areas are markedly infiltrated with leukocytes in 
these cases. Cholangitis is common and may reach the stage of intraductal 
suppuration. In advanced cases the presence of lesions characteristic of 
Banti’s syndrome are sometimes found (cirrhosis of the liver and spleno- 
megaly) and may possibly be due to pressure on the portal vein by the 
cyst and chronic obstruction to flow of bile. In these cases ascites may also 
be present, and may be due to cirrhosis of the liver or pressure of the cyst 
on the portal vein. In V^alton's’-*’ first case there was ascites but no true 
cirrhosis; the portal, splenic, and superior mesenteric veins were thrombosed. 

When the cyst is of sufficient size the gastro-intestinal tract is displaced 
by its presence. The enlarging cyst lies behind and above the duodenum and 
spreads upwards to the liver, downwards towards the pelvis, and laterally 
towards the right renal fossa. The stomach is displaced downwards and to 
the left, the duodenum downwards, medially, and anteriorly, and the hepatic 
flexure downward and anteriorly. 

Two very unusual pathologic findings are recorded in the literature. The 
first is that present in the case of Swartley and Weeder^^" in which a double 
common bile duct was present with congenital cystic dilatation confined to 
the right side. The second is that present in the case of Blocker^® in which 
there was traumatic rupture of the cyst following the fall of a 14-year-old 
boy from a swing across the back of a park seat. 


SYMPTOMS AND SIGNS 

The salient features of the symptoms and signs of congenital cystic 
dilatation of the common bile duct constitute a much stressed triad — tumor, 
jaundice, and pain. 

The condition seldom begins suddenly. With careful questioning one 
can usually trace the onset of symptoms back to early childhood. One may 
then obtain a history of mild attacks of indigestion with slight upper abdominal 
discomfort or pain, and mild jaundice which subsided and was given no sig- 
nificance. The longer the interval between these mild attacks, so much the 
more easily are they forgotten. Until actual obstruction to the bile flow 
occurs or infection, the condition remains symptomless, and the only si^i 
present is a cystic tumor in the right upper quadrant of the abdomen. n 
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many cases a typical gallstone history is obtained, with attacks of colicky 
pain in the right upper abdomen, radiating around the right costal margin 
and toward the right shoulder, accompanied by nausea and vomiting. The 
attacks become more frequent, and jaundice, intermittent at first, may become 
permanent. Often, however, the condition may proceed unnoticed by the 
patient. Jaundice may become more prominent and unaccompanied by pain. 
Finally, however, there may arise a feeling of pressure in the liver area, 
vague discomfort in the epigastrium, anorexia, weakness, hemorrhagic 
tendencies, and eventually cachexia. 

Usually one or two of tlie triad of diagnostic symptoms and signs are 
outstanding. Seldom are all three outstandingly present or entirely missing. 
Table I gives the percentage of these in the present series. 

Tumor was present in 77% of the cases, absent in 2190, and questionable 
or not reported in i^/c. In very early cases the tumor ma}^ be too small 
to be palpated definitely, and give only a sense of increased resistance or the 
suggestion of a mass below the right costal margin and in the right flank. 

Taiile I. 

TX£E UIAGKOSTIC TRIAU 



On the other hand, it usually becomes palpable during an attack of pain and 
jaundice. It may be so large as to fill almost the entire abdomen. It is 
smooth, elastic, mobile, and may or may not move with respii'ation. It 
may be slightly tender. Occasionally on this larger tumor a second smaller mass 
may be felt — the gallbladder. The liver may be slightly enlarged, but is 
often not palpable. 

Jaundice was present in 70% of the cases, absent in 28%, and questionable 
or not reported in 2%. The jaundice may be slight, intermittent, or intense 
and of long-standing. In many cases the stools are acholic, and biliai'y 
pigments are present in the urine, these findings varying with the degree 
of jaundice. The jaundice is of the obstructive type, produced apparently 
by pressure upon or kinking of the intraduodenal portion of the common 
bile duct. Thus, the qualitative van den Bergh reaction is usually the positive 
direct type, and the serum bilirubin is elevated above normal limits, depend- 
ing on the degree of obstruction. The bromsulfalein test may show liver 
functional damage by varying degrees of dye retention, and the prothrombin 
time is often veiy low, thus accounting for the tendency to hemorrhage I'e- 
ported in the cases. 

Pain was present in 599 ^ <;,f |.he cases, absent in 359 f>. and questionable 
or not reported in 6%. This is probably due to increased pressure within 
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Uie biliary tree, possibly increased by the presence of infection. Infection 
IS common and probably secondary to stagnation of bile. It is similar to 
empyema of the gallbladder with cystic duct obstruction. The pain is 
usually expenenced in the epigastrium or right upper quadrant of the 
abdomen. It is often slight and of a nagging, dragging nature, due to 
pressure, or discomfort from the abdominal mass. Frank colicky pain 
may ^ occur and be accompanied by nausea and vomiting. There is no 
1 elation between the size of the cyst and the severity of the pain. 

Vomiting, when present, usually accompanies the colicky pain or the 
local peritonitis in infected cases. According to Morley^^ it may be the 
consequence of a partial duodenal ileus caused by pressure of the cyst on 
the root of the mesentery. According to Walton, vomiting of bile may 
follow a sudden abundant flow of bile into the duodenum from the cyst. 

Fever is absent in the majority of cases but may be present, particularly 
in cases ivith infection of the cyst contents or accompanying inflammation of 
the gallbladder. It may be a manifestation of cholangitis or hepatitis. It 
is seldom high except in unusual instances. 

Signs of acute peritoneal irritation or inflammation denote cases with 
infection of the cyst contents or an accompanying cholecystitis. Cases with 
such manifestations were those of Zinninger and Cash,^"*® Saint,^®- and the 
second case of Bangerter.'’^ The cyst was perforated in Walton’s^^® sixth 
case, and also in the case of Blocker^® (dueito trauma). 

At the time the patient is admitted to the hospital the general condition 
is often poor. The patients usually pi'esent themselves with liver damage, 
anemia, and occasionally ascites due to pressure on the portal vein or cirrhosis 
of the liver. Albumin and casts may be present in the urine. 

Roentgenologic studies may be of great aid in many instances. A plain 
film of the abdomen usually shows a faint shadow of the cyst, which in 
unusual cases of calcification of the wall becomes distinctly visible. Chole- 
cystogram rarely shows the gallbladder, since in most cases this organ will 
not concentrate the dye sufficiently. The case of WrighF^^ (i935) is the 
first recorded one in which the gallbladder definitely was visible, showing 
a peculiar pressure deformity produced by the cyst. However, some of 
the dye may accumulate in the cyst itself and show an intensification of the 
shadow shown in the plain film. Gastro-intestinal studies, with barium by 
mouth and by enema, aid in outlining the positions of neighboring parts of 
the gastro-intestinal tract. The stomach is displaced to the left and down- 
wards, and may show evidence of external pressure along the lesser curvature. 
The duodenum is usually displaced medially and anteriorly. It may be some- 
what dilated, representing duodenal ileus due to pressure of the cyst on the 
root of the mesentery. The coils of jejunum may be displaced to the left 
and downward. The hepatic flexure and transverse colon are displaced 
downward. The intravenous urogram may be normal, show a tendency 
to retention of the contrast material in tlie upper part of tlie right ureter 
(as in the present case report), or a slight to moderate degree of hydrone- 
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phrosis of the right kidney with dilatation of the ureter down to the level of 
the maximum diameter of the cyst (Wright/'^^ 1935)- 

Peritoneoscopy may be undertaken as a diagnostic aid, as shown in the 
present case report. In experienced hands this procedure is of value and 
is to be recommended in cases in which the diagnosis is obscure. The danger 
of puncture or rupture of the cyst on introduction of the instrument should 
be kept in mind. 

'*• DIAGNOSIS 

The triad of symptoms and signs — tumor, jaundice, and pain in a child 
or young adult, especially a female, should make the diagnosis of con- 
genital cystic dilatation of the common bile duct probable. Blood chemistry 
and urine studies, liver function tests, prothrombin time determinations, 
roentgenologic studies, and peritoneoscopy should strengthen the diagnosis. 
It appears that failure of diagnosis is due to the rarity of the condition, and 
thus the possibility of-congenital cystic dilatation of the common bile duct is 
usually not considered as a cause of the patient’s complaints. 


Table II. 

DIAGNOSES MADE IN 175 CASES 


Preopetative Diagnosis 

No of Cases 

Percentage 

1 No diagnosis oi- none stated 

59 

34- 

Z Kiscellaneous incoi•^ect diagnoses 

35 

20 

3 Choledochus Cgst/,^ First diagnostic impression 
^ 1. Mentioned as possible o^ suspected 

15 

7 


4- Echinococcus Cyst 

17 

9.7 

5 Cholecystitis or Cholelithiasis 

15 

6,6 

6 Pancreatic Cyst or Tumor 

12 

6,9 

7 Stone in Common Duct 

6 

3.4 

6 Retroperitoneal Cyst Tumor, or Sarcoma 

6 

3.4 

9 Hydrops or enlarged Gall Bladder 

4- 

2.3 

10 Cyst of the Liver 

3 

i.r 

11 Obstructive Jaundice 

3 

1.7 


DIFFERENTIAL DIAGNOSIS 

In the present series of 175 cases the diagnosis was correctly made 15 
times, or in 8.6% ; it was mentioned as a diagnostic possibility 7 times, or 
in 4% of the cases. In most cases either no diagnosis was made or several 
incorrect diagnostic possibilities were mentioned. In some of the cases the 
diagnosis was not made even at operation, and in these the result was 
usually fatal. 

Table II shows the diagnoses most commonly made. Among the mis- 
cellaneous incorrect diagnoses not mentioned in the table were congestion of 
the liver, cirrhosis of the liver, splenic anemia, tumor of the liver, hepatic 
carcinoma or sarcoma, liver abscess, biliary obstruction, congenital abnormality 
or obliteration of the biliary tract, empyema of the gallbladder, malignancy 
of the gallbladder, gastric caixinoma, intestinal occlusion, intussusception, 
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mesenteric cyst, cyst of the kidney, Wilnrs tumor of the kidney, hyper- 
nephroma, hydroneplirosis, ovarian cyst, ruptured viscus, perforated ulcer 
abdominal neoplasm, retroduodenal tumor, generalized tuberculosis, and con- 
genital heart disease. 

Echinococcus cyst of the liver presents symptoms and signs similar to 
those of choledochus cyst. This disease may be differentiated in some cases 
by experienced physicians by eliciting the so-called “hydatid thrill,” There 
may be eosinophilia and the complement fixatioiv test ma}’ be positive. The 
most satisfactory test is the intradermal Casoni reaction, which is both rapid 
and specific. 

Congenital cysts of the liver are usually small and multiple, often asso- 
ciated with cj^stic kidne3'S, and as a rule manifest their presence in adult life. 

Pancreatic cysts at the head of the gland may produce pressure on the 
common bile duct and render differential diagnosis difficult or impossible. 
A pancreatic cyst usualh' remains the same size or ma}' progressively in- 
crease, whereas a choledochus cyst may enlarge or decrease in size from 
time to time. Pancreatic cysts may also be found more to the left side than 
that found in choledoclius cyst. 

Retroperitoneal neoplasms are usually characterized by rapid progression 
toward a fatal issue. In cases of jaundice with pain slight or absent, one 
must rule out carcinoma of the ampulla of Vater or the head of the pancreas. 
Intermittency or relatively long duration of symptoms should eliminate 
malignancy as a strong diagnostic possibility. 

Congenital atresia of the bile ducts occurs only in infants. Jaundice is 
progressive from birth, and death occurs within four to six months. Age 
is thus the decisive factor in difterential diagnosis. 

If pain and jaundice are prominent, the possibility of biliary stones must 
be considered. However, one must remember that gallstones are uncommon 
in childhood, and that choledochus cyst occurs predominately in patients 
under 25 years of age. Roentgenologic studies will aid in indicating the 
presence or absence of stones. 


TEEATMENT AND RESULTS 

The various types of treatment used and the respective end-results 
are summarized in Table III. 

I. With absence of surgical treatment the patients eventually die, and 
in all previous reviews the mortality has been 100^. Death is due to 
biliary cirrhosis, cholangitis, hemorrhage, or rupture of the cyst. In this 
series the mortality is quoted as 95%, since one patient (case of Wright,^-'^ 
1935) was discharged as unimproved following diagnosis by roentgenology. 
The only complaint was a mass in the right upper abdominal area, and 
further information is not available as to her further progress. She was 
advised to refrain from strenuous exercise. Since in some cases the condi- 
tion was present for years without causing marked impairment of health, 
there is no reason to believe that this patient will not eventually fall prey 
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to obstruction and infection. It is obvious that surgical intervention offers 
the only hope of cure. 

II. Aspiration has no benefit whatever and may lead to peritonitis. The 
mortality is loo^. 

III. Drainage of the cyst, with or without cholecystectomy, is unsatis- 
factory treatment and carries a high mortality (83% in this series). In 
Kiselev’s*^^ case the fistula closed after one and one-half years. McConnell®” 
reports a case in which the fistula was closed for two months, reopened for 
eight months, and then closed again. The fistula in Clairmont’s”- case 
remained open, and the patient died three years later of tuberculosis. In 
Wheeler’s^®”' case of cyst of the intraduodenal portion of the common bile 
duct, the cyst was drained internally by opening the duodenum and incising 
the cyst. The cases of Sumpter,’’’’, Matida.’” and Bangerter” (second 
case) also recovered. 

IV. Drainage followed by secondary anastomosis of the biliary system 
and gastro-intestinal tract was performed in 24 cases, with a mortality of 
29%. In one case, in which recovery ensued, the cyst was excised at the 
first operation. The disadvantages of this two-stage procedure are the 


TAiii.r. HI. 

TYPES OF TREATMENT IN CASES REPORTED IN THE LITERATURE 


Type of Treatment 

Cases 

Recoveries 

Deaths 

Mortality 

I Ho surgical treatment 

22 

1“ 

21 

95 y. 

E Aspiratieia 

5 

0 ) 

5 

100 % 

n JJraisage £ cholecysteetemy 

KOI 

7 

33 

63 % 

nr Diainoge followed by secondary anast of biliary system t GI tract 

ZA 

17 

7 

29% 

A. Braiaage followed by secondary anast. of cyst to ff.I tract 

23 

16 

7 i 

30% 

£. Cyst excised with drainage; secondary anast to Intestine 

1 

1 

0 

0% 

Y Primary anastomosis of biliary system and GI. tract 

60 

44 

16 

27% 

-A. Cyst excised with primary anastomosis of ends of duct 

1 

1 

0 

0% 

3. Cyst excised withprimary anastomosis of choledochus, 
common hepatic duct orboth hepatic ducts to G.I. tract 

D 

4 

3 

43% 

C. Primary anastomosis of cyst and G.I~ tract t cholecystectomy 

4-r 

34 

13 

28% 

A CheHecystenteTostomy 

4 

4 

0 

0% 

P. Primary anastomosis of cyst to stomach, gastro-entorostomy 
and entero-enierostomy 

B 

1 

0 

0% 

YI Hiscellaneous 

24 

3 

20 

63 % 

A^Pesection of cyst wall 

2 ■ 

V 

1 

50% 

h.Pxcision or attempted excision of cyst X drainage 

10 

i*” 

9 

90% 

C. Cyst excised; secondary cholecysto- enter ostomy 

1 

0 

1 

100 % 

H. Insertion of elastic drainage tube between cyst and duodenum 

1 

0 

1 

100% 

E, Pixation ^ cyst on abdominal wall b suhseguent aspiratioin , 
t gastro-. enterostomy 

B 

0 

4 

100% 

P. Laparotomy s aspiration, secondary cholecystduodenostomy 
subseguent aspiration s drainage ^ cyst; subseguent 
laparotomy s, drainage 

■ 

1 

B 

1 

G. Nature of operation not Known 


0 

4 

60-100% 

(all types) TOTAL 
(surgical operative) TOTAL 

175 

72 

102 

56% 

146 

71 

76 

51 % 


a. -This patient was discharged as unimproved fo/Jowingr diagnosis bg x-ray. (Wright) 193S 
The only complaint was a mass in the right upper abdominal area. 7/b information 
IS available as to her further progress 

b-Case of cyst of double common bile duct with cyst of tight duct. Cyst was excised. 
c-The outcome of one case was not Hnown. 
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formation of an external biliary fistula, hemorrhagic tendency due to low 
prothrombin values, and the extra burden of two operations. In cases in 
which the operative risk is very great, however, as by marked debilitation 
01 presence of infection, drainage for a short time followed by choledocho- 
duodenostomy as a two-stage procedure may be advisable. In order to 
pi event hemorrhage during the period of drainage, the patient should receive 
vitamin K and bile salts in adequate quantities by mouth, and the prothrombin 
time should be kept within normal limits. 

V. Primary anastomosis of the biliary system and gastro-intestinal tract 
is the treatment of choice and is accompanied by the lowest mortality. In 
the present series the mortality with this procedure was 27% in 60 cases. 
In most cases the treatment advocated b}'^ Bakes, in 1907, was carried out, 
namely primary anastomosis of the cyst itself to the duodenum. The re- 
maining dilated duct, however, may harbor regurgitated food and infection, 
and may lead to severe ascending cholangitis (case of Fowler'®). Extirpation 
of the cyst with primary anastomosis to the duodenum is doubtlessly the 
most physiologic procedure, for it creates a new anatomic union between 
the liver and duodenum and removes the cyst which harbors infection. This 
method, however, carries a higher mortality and is advocated therefore only 
in cases in which the patient is a good operative risk, the cyst large, and 
preferably in the absence of infection. In cases in which there is free com- 
munication between the gallbladder and the cyst, anastomosis of this organ 
to the small intestine has given excellent results. This was carried out in 
four cases, with recovery in each. 

VI. A review of the miscellaneous procedures used in treatment reveals 
a mortality of 83%. In most of these cases the true pathologic condition 
was not i-ecognized even at operation, and thus a proper rationale for the 
surgical procedure is lacking. 

In cases surgically treated the most common causes of death were shock, 
hemorrhage, asthenia and debilitation, cholangitis, and peritonitis. 

In short, the preferred surgical treatment is to anastomose the cyst to the 
duodenum, or better, if possible, to excise the dilated part of the common 
duct and anastomose the remainder to the duodenum. The former is a 
simpler procedure, carries a lower mortality, and is best undertaken when 
the operative risk is great. In all cases the prothrombin time should be 
carefully checked preoperatively and brought to as near normal level as 
possible by the use of vitamin K. and bile salts. 

PROONOSIS 

A review of the early literature would give a very gloomy outlook as to 
prognosis. Each subsequent review of the literature, however, reveals a 
higher percentage of recovery following operation. In 1927, Lange- reported 

cases in which only 9 had recovered following operation (mortality of 
83%). Tailhefer^"®- found 29 recoveries out of a series of 82 cases in 
1929 (mortality of 65%) as opposed to 49 recoveries out of a series of 115 
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Table V 

CASES NOT ANALYZED IN PREVIOUS REVIEWS 
Year Se.v Age Tumor Jaundice Pain Preop. Diag. 

1936 F. 34 - 4- _ _ 


157 Bangerter 1941 F. 22 


158 Bangerter 1941 F. 60 — 


159 Bodley 


1937 F. 2 


loO Bull 


1939 F. 12 


101 Carr 


1940 F. 4 


162 

Dull 

1931 

h'. 

62 

-r 


+ 

163 

Ftijihara 

1935 

F. 

13 


+ 

- 

164 

Kiselev 

1932 

F. 

33 

- 

+ 

+ 

165 

Kiselev 

1932 

M. 

15 

+ 

+ 

+ 

166 

Koch 

1936 

? 

iy2 

4" 

- 


167 

Mendillo 

and 

Koufman 

1942 

F. 

1 

+ 



168 

Masson 

1931 

F. 

8 


— 

- 


Death on 3rd 

postoperative 

day. 


Pam Preop. Diag. Treatment Results 

1« Drainage of Recovery 
choledochus. 

2. Secondary 

choledocho- 

gastrostomy. 

+ Obstructive Choledocho- Death on 3rd 
jaundice. gastrostomy. postoperative 

Hemorrhagic day. 

diathesis. 

+ Empyema of the Cholecystectomy Recovery, 
gallbladder. and T-tubedrain- 
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This report comprises a series of 51 ward patients upon whom jejunos- 
toniy was performed for alimentation. This group consisted mainly of those 
in whom recurrent chronic peptic ulceration had left serious indelible physical 
imprints. The average age was 48, and the average duration of the disease 
was almost 12 years. Sixteen patients had experienced one or more attacks 
of severe gastro-intestinal hemorrhage. Many had been previously operated 
upon, 14 had been explored for an acute perforation of an ulcer, seven had 
had a gastro-enterostorn}^, and four a subtotal gastrectomy. Some of the 
patients were admitted to the hospital with a definite alkalosis, and others 
entered during an episode of severe hemorrhage. The accumulated ex- 
periences gained from a study of a group such as this, crystallized quite 
clearly, the indications for jejunostomy for alimentation in the surgery 
of peptic ulceration. 

Jejunostomy was employed as a conservative preliminary procedure iti 
uncontrollable alkalosis and in ulceration too extensive for immediate radical 
gastric surgery. It was established as a definitive palliative measure in 
those cases of severe peptic ulceration in which, because of certain physical 
conditions, any other type of surgery was deemed inadvisable. It was 
used quite frequently as a complement to gastric operations in a prophylactic 
effort to avoid the dire consequences of gastric atony, and finally, it was 
utilized as a supplementary procedure in those postoperative cases in which 
an intractable gastric ileus, with alkalosis developed. 

I 

PRELIMINARY JEJUNOSTOMY 

This has been successfully employed by Balfour and Eusterman® in those 
cases of massive gastric ulceration in which radical surgery was impossible 
at the time of operation. The benefits derived from this simple procedure 
were so marked that in many instances subtotal gastrectomy could be per- 
formed at a later period. Preliminary jejunostom)'- has been used in this 
clinic in some complicated cases of pyloric and duodenal stenosis with gastric 
dilatation. The symptom-complex of this condition was characterized mainly 
by repeated vomiting or the retention of large amounts of ingested food and 
gastric secretions. The inability to retain water, food and vitamins, and 
the loss of the, acid secretion of the stomach caused fundamental alterations 
in the chemistry of the blood, notably an increase in the urea nitrogen, a 
diminution in the chlorides, and an increase in the carbon dioxide combining 

* Read before the New York Surgical Society, December 9, 1942. 
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po^\el. Ihis pattern is called alkalosis. It has serious implications for 
severe alkalosis is incompatible with life. Preliminary jejunostomy’ was 
performed for alimentation in six patients, because of a pronounced alkalosis 
which did not respond to the usual conservative therapy. The latter con- 
sisted of the parenteral administration of adequate amounts of saline and 
glucose which, as a rule, temporarily corrected the hypochloremia. provided 
that the kidney function was normal. The amount of salt in solution 
necessary to raise the lowered chloride content of the blood to normal limits 
may be measured by the formula of Coller, et al^ The lowered serum 
proteins frequently found in the starvation incident to long-standing gastric 
obstruction were often effectively elevated by the administration of blood, 
blood plasma and amino-acids in sufficient quantities. In addition, the 
stomach was lavaged twice a day with hot saline solution in an effort to 
eliminate stagnation and diminish intragastric tension. This procedure often 
allayed the inflammatory reaction about an ulcer and relieved pylorospasm to 
such an extent that gastro-intestinal continuity was established and the 
stomach partially regained its tone. The efficacy of this treatment was gauged, 
empirically, by a reduction in the amount of gastric retention and, chemically, 
by a diminution in the degree of alkalosis. However, these conservative 
measures were found to be futile if persistent vomiting caused a constant loss 
of ingested food, fluid and gastric secretions. This type of high intestinal 
obstruction demanded surgical relief. Under these conditions, major gastric 
surgery was definitely contraindicated and, therefore, a preliminary jejunos- 
tomy for alimentation was performed under local anesthesia. Jejunal ali- 
mentation usually restored nutrition and Ip'dration, and corrected alkalosis 
within a short period of time. 

Beside the correction of the alkalosis and the subsequent improvement in 
the physical condition of the patient, a preliminary jejunostomy served other 
important functions. Jejunal alimentation, by eliminating gastric digestion, 
permitted the atonic stomach, now partially defunctionalized, to regain its 
tone and gradually contract. In addition, it allowed the local inflammatory 
reaction about an extensive penetrating ulcer to subside to such a degree that 
a subtotal gastrectomy could be performed eventually without undue risk. 

The time intervening between the preliminary jejunostomy and sub- 
sequent gastric surgery varied. It was dependent upon the clinical improve- 
ment of the patient, the diminution in the amount of gastric retention, the 
amelioration of the alkalosis, and a recession in the extent of the local pathol- 
ogy, as demonstrated roentgenologically. The following cases illustrate 

these points: 

Case I.— Hosp. No. 448034 : C. C., male, age 30, had suffered ulcer symptoms for 
ten years He was operated upon for a perforation ten years ago. During the past 
six months he had vomited frequently and had lost weight. He had taken large doses 
of bicarbonate of soda the day of admission, October 31. I 930 . 

Physical examination disclosed generalized muscular rigidity, risus sardonicus, 
carpopedal spasm, and a positive Chvostek sign. The urine was alkaline, specific gravity 
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1.016, with a faint trace of albumin. Hemoglobin 63 per cent, carbon dioxide combining 
power 123.5 volumes per cent, chlorides, as sodium chloride, 340 mg. Blood urea 34 
mg, calcium 8.5 mg., and phosphorus 5.8 mg. The gastric retention was 1,260 cc. 

Course . — The patient was adequately treated with intravenous saline and glucose. 
He continued to vomit, and when treated with an indwelling tube, drained large 
amounts. Lavages did not materially decrease the gastiic retention. The urinary 
specific gravity did not rise above 1.016. The blood carbon dioxide combining power 
and the chlorides approached normal limits but could not be kept there. It was felt 
that lenal damage from a severe alkalosis, plus fluid and chloiide loss from the stomach 
did not allow a more permanent correction of the alkalosis. It was, therefore, decided 
to perform a preliminary jejunostomy for alimentation. On November 10, 1939, ex- 
ploiation disclosed a huge, thin-walled stomach and a maiked inflammatory leaction 
in the first portion of the duodenum. A typical Witzel jejunostomy was performed at 
a point 24 inches distal to the ligament of Treitz. Saline was given by drip into the 



Fig. I. — Case 2 : Roentgenogram showing the large ulcer pocket. 


jejunostomy tube and subsequently Scott-Hy pabulum, vitamins, and Levin tube drain- 
age m amounts up to 2,300 cc. daily. The patient had no cramps or diarrhea. He 
drained enormous amounts through the Levin tube at first. The intiavenous drip which 
was being administered was stopped on the seventh postoperative day. The patient 
improved progressively. The blood chemistrj^ figures returned to normal, and the urinary 
specific gravity rose to 1.020. He gained 13 pounds. By the eleventh postoperative 
day the gastric retention was only 30 cc. On the thirty-eighth postoperative day 
the patient was reoperated. A subtotal gastrectomy with an antecolic termino-lateral 
gastrojejunostomy of the Hofmeister type was performed. The jejunostomy was not 
disturbed. His postoperative course was remarkably uneventful. He was fed up to 
1,800 cc. a day of Scott-Ivy pabulum. On the third and sixth day the patient had four 
diarrheal movements, which were controlled with small doses of deodorized tincture 
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of opium, administered through the jej unostomy. The tube was removed on the tenth 
day. The patient \yas discharged on the sixteenth postoperative day, very much improved. 

He was seen in Follow-up Clinic, June 24, 1942, at wich time he had no gastric 
complaints. He had gained ten pounds since discharge. 

This case illustrates the efficacy of a jejunostomy performed in a patient 
suffering from a complete pyloric stenosis with huge gastric retention, result- 
ing in severe alkalosis and kidney damage. 

Case 2. — Hosp. No. 485954 : B- D., male, age 37, entered the hospital, February 
20, 1942, complaining of recurrent epigastric pain, relieved by food, for the past seven 
j'cars. He had lost 45 pounds during this time. He was rather emaciated. The 
roentgenograms disclosed a markedly deformed duodenal bulb with a definite ulcer 
pocket, and gastric retention. Hemoglobin 78 per cent, blood chlorides 515 mg. as 
sodium chloride, carbon dioxide combining power 91 volumes per cent. The gastric 
retention was 1,200 cc. 

Course . — The patient was treated with intravenous glucose and saline. Lavages 
were given, and, in the interim, a Sippy diet and amphogel. The pain and alkalosis, 
nevertheless, continued. The patient was explored under spinal anesthesia February 26, 
1942. A greatly dilated stomach was found. There was a large mass in the first 
portion of the duodenum, apparently a penetrating duodenal ulcer. A tj'pical jejunos- 



jr,(, 2 Case 2' Roentgenogram .nfter ten weeks of jejnnal .alimentation 

ulcer pocket is one thud its former size 


The 


tomy was performed. Postopei atively. the patient required pa. enteral fluids for three 
days only. Scott-Ivy pabulum and gastric d.ainage were given up to 2 ooo cc. dmly. 
Moderately severe camps occu.red on one occasion, bat there was no diarrhea, 
patient slowly improved, and as he retained a soft diet the jejunostoniy feedings ^^er 
diminished. The chemistry figures, however, never returned to noimal. On the /4th post- 
operative day he was reoperated. The inflammation of the duodenum had decrease 
so that the swelling was one-third its original size (Figs, i and 2). A subtota ga 
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trectomy with an antecolic anastomosis was performed. The postoperative course was 
uneventful. Intravenous therapy was discontinued after three days. Scott-Ivj" pabulum 
and saline were administered in amounts up to 1,900 cc. daily. The tube was re- 
moved on the seventh day. He was discharged 19 days after his second operation. 

He was seen in Follow-up Clinic July 22, 1942. The patient had no gastric com- 
plaints, and he had gained 20 pounds. 

This case illustrates the advantage of jejunal alimentation in the control 
of intractable pain and alkalosis. It demonstrates quite graphically the 
partial subsidence of the local inflammatory reaction, and the diminution in 
the size of the stomach. 

Case 3. — Hosp. No. 481601 : F. G., male, age 44, had suffered pain, relieved by 
food, for five years. He had had a severe gastro-intestinal hemorrhage three years ago. 
and since then had milder attacks of bleeding at three- or four-month intervals. During 
the last five months the pain had become more severe, and was unrelieved by alkalis. 
In the past week the pain had increased, and he had noticed black stools. Vomiting 
was present for two days prior to admission November 10, 1941. 

Physical examination disclosed a pale, emaciated male. There was moderate epi- 
gastric tenderness and spasm. The stool was tarry. Pulse 120; blood pressure 115/85. 
Hemoglobin 5 o per cent. Blood urea 22 mg.; chlorides 515 mg.; carbon dioxide com- 
bining power 89 volumes per cent. He had a gastric retention of 1,900 cc. 

Course . — Despite medical treatment and parenteral fluids, he continued to vomit 
and suffer pain. The bleeding stopped. The blood chemistries varied, and four weeks 
after admission, in spite of parenteral fluids, the blood carbon dioxide combining power 
was 105 volumes per cent, chlorides 455 mg., and urea 36 mg. Therefore, a typical 
preliminary jej unostomy was performed under spinal anesthesia December 9, 1942. 
Postoperatively, amounts of Scott-Ivy pabulum and gastric drainage were given up to 
2,600 cc. daily. The blood chemistry, however, never reached normal. During a period 
of several weeks he was fed a Muelengracht diet and given atropine, but he continued 
to have occasional negative oral balances, and one episode of melena. With repeated 
transfusions the hemoglobin was brought up to 74 per cent. Exploration was performed 
under spinal anesthesia Februarj’- 5, 1942. The stomach was twice normal size. Just 
beyond the p3dorus was a marked constriction due to a posterior wall ulcer. A typical 
subtotal gastrectomy with an antecolic anastomosis was performed. The negative oral 
balances stopped after the fourth postoperative day. About 3,000 cc. of gastric aspira- 
tion and Scott-Ivy pabulum were given daily. Tube was removed on the fourteenth 
da3^ The patient was discharged on the sixteenth day. 

He was seen in Follow-up Clinic four months later. He had no gastric complaints, 
and had gained 48 pounds. 

This case illustrates the efficacy of enteral alimentation as opposed to 
parenteral hydration and alimentation in controlling a marked tendency toward 
alkalosis. It also discloses the fact that if a patient is properly prepared,_the 
postoperative course for a long time after a bleeding episode will be un- 
eventful. 

Jejunostomy in these cases was always followed by a subtotal gastrectomy. 

PALLIATIVE JEJUNOSTOMY 

Jejunostomy as a definitive procedure in the surgery of gastroduodenal 
ulcer has outlived its usefulness. It has little to recommend it at present. 
It was only employed in those exceptional cases in which the general 
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physical condition of the patient and the characteristics of the local patholoev 
peimanently contraindicated any subsequent gastric surgery. The effects 
of palliative jejunostoiny in these cases were similar to those obtained by 
the use of preliminary jejunostoiny, but, inasmuch as further corrective 
surgery is piohibited, the clinical benefits will last only as long as the ali- 
mentation is continued. In one case (Hosp. No. 464135), jejunostomy was 
perfoimed for an acute jejunal ulcer which developed after an extremely 
high subtotal gastrectomy and anterior vagotomy. Insufficient stomach re- 
mained for any further resection. The jejunal alimentation was continued 
for 96 days, and the patient improved. However, the ultimate prognosis 
is extremely doubtful. The second patient (Hosp. No. 482627) was a 
woman well advanced in years and afflicted with hypertension and cardio- 
vascular disease. Following a gastro-enterostomy she developed a severe, 
bleeding, gaslrojejunal ulcer which almost completely occluded the stoma 
and resulted in marked gastric retention with alkalosis. A palliative jeju- 
nostomy was performed 19 months ago, and the tube is still in place. 
Generally, she has improved. However, on occasions the ingestion of food 
causes episodes of gastric distress and bleeding. A return to the jejunal 
feedings relieves the symptoms. It is likely that if the tube is ever per- 
manently removed there will be a return of the jejunal ulceration. 

complejMENTARY jejunostomy 

The largest number of jejunostomies for alimentation in this series has 
been the complementary type, those which were performed coincidentally 
with the gastric operation. This was done with the hope that it might neu- 
tralize many of the postoperative difficulties in gastric emptying. Some of 
the mechanisms involved in the pathologic physiology of atony of the stomach 
are not definitely known. Cases of acute gastric dilatation may be secondary 
to mechanical factors. Obstruction may be caused by an occluding edema 
of the gaslro-enteric stoma which is often inflammatory at first, and sub- 
sequently is abetted by the biochemical disturbances incident to hypopro- 
teinemia.®’ Occasionally an acute obstruction may develop in a retrocolic 
gastro-enterostomy because of a prolapse of the stoma or the efferent loop 
into the lesser omental sac. In a few cases, the postoperative development 
of a plastic exudate and adhesions may be sufficient to occlude either the 
afferent or efferent jejunum. Howevei-, there are cases of acute gastric 
dilatation or atony in which neither operative exploration nor postmortem 
examination reveals any anatomic cause for the clinical symptomatology of 
obstruction. This type of gastric ileus has been attributed to many factors. 
Any operative procedure upon the stomach, regardless of the technical skill 
of the surgeon, is accompanied by a certain amount of unavoidable trauma 
often causing muscular paresis and atony. In addition, a subtotal gas- 
trectomy which entails the excision of a greater part of the lesser curvature 
and partial destruction of the gastrohepatic omentum causes considerable 
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damage to the vagus nerve. This adversel}^ affects the motor activity of the 
stomach. Moreover, in those cases in which the stomach has been previously 
dilated, there is no reason to assume that any anastomotic procedure or 
radical gastric resection will immediatel}’- remedy the atony. It is a common 
experience following a gastro-enterostomy or a gastric resection that 24 to 48 
hours may elapse before the stomach partially regains its peristaltic activity. 
The inevitable sequela is the stagnation of gastric contents causing repeated 
vomiting, or persistent gastric drainage through an indwelling Levin tube. 

Fortunately, however, in the majority of patients these difficulties in 
gastric emptying are transient and inconsequential. If they persist, they 
portend serious consequences. The daily loss by vomiting or gastric drain- 
age of several thousand cubic centimeters of ingested fluids, gastric and 
duodenal secretions, rapidly causes dehydration, inanition, avitaminosis, 
hypoproteinemia and alkalosis. These chronically ill individuals need ade- 
quate and proper nourishment fi'om the very beginning of their postopera- 
tive period. This is not completely supplied in some patients by the paren- 
teral administration of blood, plasma, vitamins, amino-acids and electrolytes. 
It is the systemic effects produced by gastric atony in its varying severity 
and duration which adds to the morbidity and mortality of gastric surgery. 

Inasmuch, as gastric atony is always a potential postoperative compli- 
cation, prophylactic operations have been devised to eliminate its conse- 
quences, These procedures have been reviewed in detail by Permaii.^® Any 
method to be effective in the treatment of gastric atony must fulfill certain 
requirements. It must keep the dilated stomach decompressed, it must pro- 
vide adequate fluid and nourishment during this period of gastric inactivity, 
and it must prevent alkalosis. It would seem that the two-way gastro- 
enterostomy tube developed b}'- Abbott and Rawson^ would satisfy these 
desiderata. However, the use of this tube in our experience has not been 
satisfactory. Its introduction from the stomach into the efferent jejunal 
loop during a subtotal gastrectomy is not an easy procedure, especially if 
asepsis is to be maintained. Moreover, during the postoperative period it 
may be inadvertently dislodged either by an uncooperative patient or through 
carelessness. Furthermore, these tubes cannot be kept in place indefinitely 
because of the danger of damage to the arytenoid cartilages. We have seen 
two cases in which an edema of the larynx developed from an aryten- 
oiditis. If the two-way tube were entirely satisfactory in the decompression 
of the stomach and in the simultaneous maintenance of nourishment, jeju- 
nostomy for alimentation would not have been recently revived in gastric 
surgery. This is evidenced by the papers of Wesson,^^ Allen and Welch,- 
and Clute and Bell.^ 

In 1929, Kirschner® advocated the complementary use of jej unostomy 
in gastroduodenal surgery, and he utilized this procedure in 60 cases of 
subtotal gastrectomy. He reported that it was extremely useful. It supplied 
immediate nourishment to those who had suffered so long from an ulcer that 
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theii capital resources had already been drawn upon for their sustenance, 
i oreover, the deleterious and dire consequences of a gastric ileus was often 
neutralized by the complementary jejunostomy. 

The importance and the practical applications of Kirschner’s contribu- 
tion evidently have not been fully appreciated. Since 1938, we have used 
complementary jejunostomy in an increasing number of patients with grati- 
fying results. Indications have been gradually established so that it is now 
employed routinely in certain types of cases. It was used in those gastric 
and duodenal ulcers which were complicated by stenosis and marked gastric 
dilatation, for, as has been stated previously, a stomach which has been 
atonic prior to operation is likely to be atonic following operation. Com- 
plementary jejunostomy was especially helpful in those instances in which 
the technical procedures were unusually traumatic or complicated, as m 
extensive resections for gastrojejunal ulcers or those at the cardia. These 
patients were found to be especially prone to gastric ileus. Another indi- 
cation for the use of concomitant jejunostomy was found in those cases 
in which a dehiscence of a friable duodenal stump was a possibility. These 
were drained routinely, and if a fistula developed the duodenal contents 
were aspirated by suction and fed together with the pabulum via the jeju- 
nostomy. In this way the nutrition and normal chemical balances were 
usually maintained. Complementary jejunostomy has been performed in 
38 cases. It was used in ii cases of gastro-enterostomy and in 21 of sub- 
total gastrectomy. In four instances it was established simultaneously with a 
resection of the stomach following either a previous gastrectomy or a gastro- 
enterostomy. In one case it was performed as a coincident procedure to 
the restoration in continuity for a gastrojejunocolic fistula, and in another 
patient it was used as an aid to an entero-anastomosis for a stenosing ulcer 
of the afferent jejunum.’’ It is undoubtedly true that complementary jeju- 
nostomy was unnecessary in some cases, as judged by the subsequent post- 
operative course. However, even in these patients it did no harm and 
certainly simplified the postoperative alimentation and diminished considerably 
the period of time in which intravenous therapy was required. 

The following cases, which are abstracted, demonstrate the efificac}’- of 
complementary jejunostomy : 

Case 4. — Hosp. No. 457630: I. S., male, age 58, was admitted, June i, 1940, because 
of epigastric pain, eructations and vomiting of 25 years duration. Examination dis- 
closed an edentulous male. There was tenderness in the upper abdomen, and a definite 
succussion splash could be elicited. The hemoglobin was 84 per cent, blood chlorides 
410 mg., and carbon dioxide combining power 74 volumes per cent. There was 2,200 
cc. of retained food and fluid in the stomach. Roentgenologic examination showed a 
marked deformity of the duodenal bulb and an ulcer pocket on the lesser curvature 
side. There was a delay in gastric emptying. Thirty-five per cent of the barium was 
retained after six hours. 

The patient was prepared for operation with intravenos saline and glucose, lavages, 
and vitamins, for 16 days. On June 17, 1940, exploration, under cyclopropane anes- 
thesia, disclosed a large duodenal ulcer perforating into the head of the pancreas. 

A typical subtotal resection and jejunostomy for alimentation was performed. Post- 
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operatively, the patient developed a typical gastric atony, which persisted for i6 days. 
During this time alimentation was maintained by feeding Scott-Ivy pabulum and Levin 
tube drainage through the jej unostomy in amounts up to 2,500 cc. daily, augmented 
by intravenous saline and glucose and transfusions. On the eleventh postoperative 
day roentgenograms disclosed complete retention of barium in the stomach after 25 
hours (Fig. 3). The atony subsided after the sixteenth day and the patient improved 


Fig. 3. — Case 4: Roentgenogram taken on eleventh postoperative day, 25 hours 
after the administration of barium. Note that none has left the stomach. The jejunos- 
tomy tube is seen in situ. 

rapidly. On the twenty-fifth day roentgenograms disclosed a normally emptying stomach 
(Fig. 4). The tube was removed on the twenty-second day and he was discharged 
on the twenty-sixth postoperative day. 

This case illustrated the fact that preoperative gastric atony is not re- 
lieved by resection, but rather that the ileus continues. The importance and 
convenience of a jejunostomy for alimentation is readily appreciable. 

Case 5. — Hosp. No. 453628 : G. C., male, age 72, had originally entered the hospital 
because of recurrent indigestion, epigastric pain, vomiting and bleeding, in August, 
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1939 - Roentgenograms disclosed a deformed bulb with marked delay in emptying time. 
He was transfused several times. His blood urea rose to ii8 mg, and the specific 
gravity of the urine remained low, about 1.006. It was felt that these changes repre- 
sented kidney damage due to alkalosis incident to the vomiting and prolonged ingestion 
of bicarbonate of soda. He was discharged much improved, only to be readmitted 
several months later with an acute perforation of his ulcer. This was sutured, and the 
patient recovered. On Hay 12, 1940, he was readmitted because of weakness, anorexia, 
and burning pain in the epigastrium. Examination disclosed an eldery, emaciated male 



]7jc_ 4 —Case 4: Roentgenogram taken on twenty fifth postoperative day 
disclosing a normally emptying stomach. 


deaf-mute There was general epigastric tenderness and evidences of marked 
SoTs HLclotin ;as .0 per c.„. Blood 

rhrtlnntSrepSSc-; “l™ hv removing 

re'eSroi™: S™' p^min d ...e duodenum there was a scar 
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and contraction due to the duodenal ulceration. A typical posterior gastro-enterostomy 
was performed, and a tube-jej unostomy established 12 inches below the anastomosis. 
Postoperativelj’’, the patient had large negative oral balances for 12 days. He was 
fed Scott-Ivy pabulum in increasing doses up to 2,880 cc. daily, without diarrhea or 
cramps. An intravenous was necessary for four days only. His blood chemistry values 
remained normal. The urinary output was good. The tube was removed on the nine- 
teenth postoperative day, and the wound healed promptly. 

He was seen in the Follow-up Clinic, July 22, 1942, at which time he had gained 
25 pounds, and had suffered no gastric complaints. 

This case is typical of the excellent results obtained from the establish- 
ment of a jej unostomy for alimentation in a seriously ill, elderly male, who 
had suffered long-continued gastric dilatation due to obstruction, and in 
whom it was to be expected that a postoperative gastric ileus would develop. 
It is typical of the advantages of the complementary jejunostomy. 

SHORT ABSTRACTS 

Case 6. — Hosp. No. 454659 : B. L., male, age 40, had suffered peptic ulcer disease 
for six years, and had been repeatedly admitted to the hospital for pain, vomiting, 
perforation and alkalosis. At operation, his stomach was found three times normal 
size. A subtotal resection and jejunostomy for alimentation were performed. Post- 
operatively, his course was uneventful except that he had persistent negative oral 
balances, as high as 2,150 cc. daily. He was fed large amounts, up to 3,450 cc., 
of Scott-Ivy pabulum daily. The negative oral balance continued for nine days. The 
tube was removed on the thirteenth day, and the patient discharged on the fourteenth day. 

Case 7. — Hosp. No. 468543: H. H., male, age 41, had suffered ulcer symptoms, 
including one episode of perforation, for 13 3'ears. He entered the hospital after 
several months of vomiting. Gastric retention was 2,100 cc. At operation, an enormous 
dilatation and hypertrophy of the stomach, and a large inflamed duodenal ulcer were 
seen. A t3"pical subtotal resection and jejunostomy were performed. The patient 
continued, postoperatively, to have negative oral balances for 14 days. He was fed 
up to 1,700 cc. of pabulum daily, and this, as well as intravenous saline, glucose, and 
amino-acids, did much to help him through the prolonged period of gastric atony. 

Case 8. — Hosp. No. 480134: S. B., male, age 41, entered the hospital for surgical 
treatment of a penetrating jejunal ulcer. A secondary subtotal resection and a 
jejunostomy were performed. The patient had a negative oral balance for nine days 
and was fed pabulum. Levin tube drainage, vitamins and sulpha drugs through the 
jejunostomy tube. Despite a rather severe postoperative pneumonia, he recovered. 

Case 9. — Hosp. No. 465396 : A K., male, age 40, upon whom a high subtotal 
resection, with a Murphy button anastomosis, was performed because of a highly 
situated lesser curvature ulcer. Postoperatively he had a negative oral balance for 
II days, and was tided through this difficult period by large amounts of jejunostomy 
feedings and replacement of Levin tube drainage. 

Even in this small series, it becomes quite apparent that if a concomitant 
jejunostomy had not been performed, a supplementary jejunostomy would 
probably have been necessary in some cases because of a persistent gastric 
ileus. These cases, from reports in the literature, are always attended by an 
appreciable mortality. 


SUPPLEMENTARY JEJUNOSTOMY 

Naturally, there are cases in which the possible occurrence of a gastric 
atony following operative procedures upon the stomach cannot be predicted.' 
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Severe gastric atony in some patients may occur from the very beginning- 
m others It may not become evident until a week or ten days after .operatic^/ 
ihe clinical picture, however, is similar in both groups of cases It is 
recognized by the symptoms and the physical findings of a high intestinal 
obstruction, in which progressive deterioration occurs in spite of adequate 
parenteral treatment. There is always a tendency to procrastinate too long 
with conservative therapy, reserving operative intervention until it is too late. 
This is undoubtedly the reason that the results of secondary procedures in 
these cases are attended by such a prohibitive mortality. When gastric 
ileus was suspected because alkalosis and increasing or stationary large 
negative oral balances were present, roentgenologic examination of the stom- 
ach with barium proved to be invaluable and indispensable. It revealed 
a dilated stomach in which the barium was completely retained, or it dis- 
closed other reasons for the obstruction, as, for example, an occlusion of 
the efferent jejunum. We agree with the conclusions of Allen and Welch,^ 
that in the older-age group of patients exploration should be undertaken after 
seven days if the amounts obtained by gastric aspiration show a' stationary 
or progressive increase and the chemical evidences of alkalosis are present. 
In younger patients conservative measures may be tried for a longer period 
of time. 

Many operative measures have been advocated to correct or relieve the 
effects of gastric atony. Surgeons have advised another gastro-enterostomy 
when a malfunction of the previous one was suspected. This usually is 
futile, Entero-enterostomy has been suggested if there is a marked dilatation 
of the afferent loop in contrast to a contraction of the efferent jejunum. This 
rarely relieves gastric atony and, moreover, it subsequently deprives the stom- 
ach of the full benefits of duodena! alkalinization. Hoag and Saunders'^ re- 
ported several cases in which a gastric ileus was relieved by jejunoplasty per- 
formed in the region of a malfunctioning gastro-enteric stoma. Many 
Continental surgeons have been enthusiastic in their praise of a tube-gas- 
trostomy. However, similar benefits are obtained by the routine postoperative 
use of continuous suction drainage of the stomach. 

Supplementary jejunostomy for alimentation in cases of gastric atony 
was suggested at a very early period in the development of gastric surgery.^® 
In our experience, it has proven to be most satisfactory. It is a simple 
technical procedure which can be performed through the original operahve 
incision expeditiously and without shock. To repeat, it is a method which, 
when combined with the concomitant use of gastric drainage, decompresses 
the stomach, maintains nutrition, and corrects alkalosis. 

The following cases are of interest: 


Case lo^Hosp. No. 467016: J. M., male, age 25, was admitted, December 27, mh 
complaining of epigastric pain, relieved by food or soda, of five years duration. Two 
years ago he had an episode of bleeding, and one year ago a perforation of a duodenal 
l\cev was sutured. Three days prior to admission he noticed a tarry stool, and sub- 
sequently fainted. He had had poliomyelitis in childhood, and had been left with a 
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partial paralysis of the right upper and both lower extremities, despite numerous cor- 
rective operations. 

Phj'sical examination disclosed a pale young male. There was moderate epigastric 
tenderness. The hemoglobin was 52 per cent, and the blood chemistries were normal. 

Course . — The patient was transfused repeatedl}^ The stools became guaiac-negative. 
and the hemoglobin rose to 75 per cent. On January 15, 1942, under spinal anesthesia, 
a subtotal gastrectomy with antecolic anastomosis was performed for an active duo- 
denal ulcer with stenosis. Postoperatively. from the beginning the Levin tube drained 
large amounts. Despite adequate parenteral therapy, alkalosis developed. The blood 
carbon dioxide volume power rose to 83.2 volumes per cent, and the blood chlorides 
to 540 mg. prior to operation. On February 2, 1942, under spinal anesthesia, the 
median incision was reopened and the operative site examined. No organic cause for 
obstruction was found. A purse-string jej unostomy was performed. Postoperatively, 
the patient developed an active phlebitis of the dorsum of the right hand, and suffered 
chills and high fever. Blood culture was positive for a gram-negative bacillus. The 
sepsis subsided with chemolherap}'. He continued to vomit. On the seventh post- 
operative day blood chemistries showed carbon dioxide combining power 58.4 volumes 
per cent, chlorides 620 mg., urea 9 mg. Through the jej unostomy he was given 
up to 3,200 cc. of Scott-Ivy pabulum, gastric drainage, saline and sulfathiazole for 
18 days. One mild episode of diarrhea was controlled by the administration of tincture 
of opium. The patient had a negative ora:l balance for 13 days after jejunostom}" 
(a total of 31 days after the original gastrectomy). After the eighteenth day, alimen- 
tation was entirely oral. The jej unostomy tube was removed on the twenty -fourth day, 
and he was discharged. 

He was seen in the Follow-up Clinic, October 28, 1942, at which time he was in 
excellent health. 1 ' 

This patient also illustrates the value of the supplementary jejunostomy 
for a gastric ileus, which persisted 31 days after gastrectomy. Because of 
a marked phlebitis and sepsis, parenteral therapy was impossible, and jeju- 
nostomy alone controlled the alkalosis and maintained nutrition. 

Case II. — Hosp. No. 484235 : D. W., male, age 5 o. Thirteen years ago, following 
an episode of malena, a perforation of a duodenal ulcer occurred. This was sutured, 
and since then he has suffered epigastric pain relieved by food and soda. Roent- 
genologic examination on admission disclosed a large penetrating duodenal ulcer. 
The blood chemistries were normal. 

Course. — Exploration, under spinal anesthesia, January 19, 1942, disclosed a dilated 
stomach, with a marked deformity of the duodenum and a small diverticulum. A typical 
subtotal gastrectomy with antecolic anastomosis was performed. Postoperatively, from 
the beginning, the patient drained large amounts through the Levin tube, and vomited 
when it was removed. Hydration was maintained by the intravenous route. The carbon 
dioxide combining power rose to 84 volumes per cent by the fifth postoperative day. 
Inasmuch, as the negative oral balance varied between 2,500 and 3,000 cc. per da}', 
exploration was deferred until the seventh postoperative day. 

On January 26, 1942, under spinal anesthesia, and through a left rectus incision, 
the operative site was examined and found to be normal. Eighteen inches distal from 
the anastomosis a typical Witzel jejunostomy was performed. The patient was sub- 
sequently fed up to 88 ounces daily of Scott-Ivy pabulum, vomitus. Levin tube drainage 
and vitamins. The carbon dioxide combining power dropped to 59.2 volumes per cent 
on the fourth postoperative day. He developed a right upper lobe pneumonia, which 
responded to chemotherapy. A dehiscence of the left rectus incision was treated by 
packing. 

This patient continued to have a negative oral balance for 13 days following the 
supplementary procedure. During this period alimentation was maintained by jeju- 
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nostoniy which, together with intravenous amino-acid, kept the blood proteins within 
normal limits. Twenty-five days after the second operation the jej unostomy tube was 
removed. The wound healed rapidly, and he was discharged February 22, 1942. 

He was seen in Follow-up Clinic, April 22, 1942, at which time he had no gastric 
complaints, and felt quite well. 



F.O. di.*™ 

unostomy. 


This case illustrates the proper employment of 
■ejunLtomy was performed with excellent results. 


aumentation 

. -k.TT'V I'P'i.ITJNA. 


jEJU^JAL AUM..--- 

5-“”' nr «TO^'ost»« for alimentation has 

r„E TECUMO f Hcation ol ’ Tlhe technic employed 

The history and WolSer. ^ ^ 

nrS- --5:1 for:;p-^-r 

Ttmc d distally for ahonl t8 ^ ,,, pper 

" H a foop oi '^orvel is pmh d at ^ ,,, nperafor may 

fora;smE -Ahat it^ oftmortem ettaminatton. that 

“ * he subsequently finds, at P ^^^es, 

T^iete Vt'Cte t^^NO of tne j j , oti r '-p^-.ic 

tion tvhich dejelop^;? ^ No, ^5^.^ ^pe enterostomy, 

tive intervention ^ ^ developed m tb performed 

signs removal ot the t*^' „{ odrers,^;* we have ^ 

■opening m tti . The g.gtnng bnen_ , ^*00 of 

r?- a* — * >" ■’■ * 

catgut ana . j^^ostomy through a stao 

^T?’ The catheter was srmpll ^.-.th silk- i„troduced and 

saline, t , attached t vvarm saline Scott- 

subcostal regi operation o c hours o amount 

Tour hours alter P Afte ,,gu,arly. 1 

this was tepeatedj^ J„g ,ahne^w^ ^“Iming “Eture 

I^yie ^ "“he ieedings. which 

was gradua y tolerated by , elements. or by syringe- 

wbicb is usually ^ necessary gravity drip, . rnay 

- «' -r't,:""- ■“"■ »"3 s£ «-•• 

are warmed, a S ^oo larg ^ suspected, drainage. 

Xf given too rap ^ecogniz^^^ ® recovered in ^ d cramps, 

occut. This rs pahulum -d^2fo.s caused dra^ea and ^ 

nray be mmed . ^f tbe cases, tb -ate doses of Xieen 

In about ten per ■ by medication E„t the 

tvhich were “=“''^^t,o„nte. ^m'^ ^ly became P^S 

rc'“ - 



AND DRUCKKRMAN AnnaU ot SurRcry 

Jtarcli. 1943 

the drainage was collected and part of it was introduced through the jeiu- 
nostoiny, alternating with the pabulum feedings. Jejunal alimentation was 
continued until the stomach emptied normally. The tube Avas removed, 
as a. rule, 48 hours after the jejunal feedings had been discontinued. The 
eailiest removal in the complementary cases was nine days, the latest 35 
days, and the average 15 days. Although there was some drainage of 
bile for 24 hours, 01 more, after its removal, the discharge soon ceased 
spontaneously in both the Witzel and Stamm types of jejunostomy. 

Jej unostomy per sc did not account for a single mortality in this series. 

SUMMARY 

1. Jejunostomy for alimentation was performed in a series of 51 patients 
suffering from recurrent chronic peptic ulcer. 

2. It was used as a preliminary, palliative, complementary, and supple- 
mentary measure in the surgery of gastroduodenal ulceration. The indica- 
tions and clinical applications of these are fully described. 

3. The technic of jejunostomy and jejunal alimentation is discussed. 

4. Evaluation of results obtained. 
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border and the model is removed with great care, while both the interior 
of tlie duodemim and tlie cast are being studied. 

^ It is not witliin tlie scope of this paper to discuss, in detail, da-ssification, 
etiology, age and sex incidence, size, location, distribution, etc., of duodenal 
diverticula. With regard to such particulars the reader is referred to the 
literaUire. However, it must be pointed out that all diverticula herein 
described belong to the primary group, meaning those which have no obvious 
cause for their appearance, in contrast to those which are produced for 
instance by ulcers or adhesions and are called secondary, true, or acquired. 

The primary are also called false or congenital. Although not proven, 
they are congenital in their nature, as they represent abortive attempts at 
the formation of a supernumerary pancreas. The pancreatic anlages cause 
local defects in the musculature and the possibility of pouching results from 
age, intestinal atony or an increase of intraduodenal pressure. This view 
is the opinion of Letulle, Tandler, Falconer, Lewis and Thyng. 

Illustrations of ii specimens (Figs, i-ii) among a total of 50 show 
single or multiple diverticula. This is 22 per cent, the highest figure so 
far recorded. 

Although Grant is of the opinion that percentages convey little if any 
information, unless the statement bears with it reference to age, this is 
believed to be true only from the theoretic point of view. Clinically speaking, 
one must consider duodenal diverticula in differential diagnosis regardless 
of the age, since they occur at all ages. 

The total number of the diverticula found is 14, if one bilocular (a and b 
of Fig. 2), meaning a combination of two diverticula with a common orifice, 
c, is accepted as a single diverticulum. 

Of the II specimens with diverticula, eight (Figs, i, 3, 5, 6, 7, 8, 9 and 
ii) had one, and three (Figs. 2, 4 and 10) had two diverticula. 

The distribution is as follows: Five diverticula in the second part of 
the duodenum {a~c, of Fig. 2, Fig 3, a- and b of Fig. 4, and Fig. 5) ; one 
between the second and third parts (Fig. 6) ; five in the third part (d of 
Fig. 2, Figs. 7, 8, 9 and a of Fig. 10) ; and three in the fourth (Fig. i, b 
of Fig. 10, and Fig. ii). Thus, the opinion of practically all writers that 
the greatest number of diverticula occur in the second part cannot be cor- 
roborated by the findings recorded in this paper. 

No diverticula were found in the first part ; and all sprang from the con- 
cave, pancreatic border, which is morphologically the mesenteric border of 
the duodenum. All but four (a-c of Fig. 2, d of Fig. 2, Fig. 3 and a 
of Fig. 4) were buried in the substance of the pancreas, and had they not 
been filled with plaster a number of them would certainly have escaped 

detection. 1 1 1 ' 

As to their shape, it is obvious that the greater number are globular; 

some are funnel-shaped and some cylindrical. 

The dimensions of the diverticula given in the Figures are probably 
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Fig. s. 


Fig. 6 . 


Fig. 7 . , Fig. 8 . 

Fig. S. — The first part of the duodenum is l.nrge, the second and fourth parts are 
short. A single diverticulum may be seen at the lower end of the second part. 

Fig. 6 . — A fairly large diverticulum with a broad opening appears at the junction 
of the second and third parts of the duodenum. 

Fig. 7 . — The diverticulum in the third part of the duodenum is large and has a 
narrow orifice. The arrow points to the location of the papilla of Vater. 

Fig. 8 . — This is the smallest duodenal cast in the series. The diverticulum in the 
third part has a narrow orifice. The arrow indicates the location of the papilla of 
Vater. 



406 



, t\vose ,..vve\ess 

Uev cs- 

^ -pv-ocess 








„ •v\'i 
VoW'W^, 3 
^:ufl''’‘= 




,^an 


AVtva^ 


-pf^' 


r\3V^ to 

^ . we vs 

t so"''® ,',£ 4'"® ,, 

t\ial t 

.t'o" '>";trV'''® «aVv ° 


tt 


-e,e^o^'^ 


,s'e® -\V'4e«^ 


.a^ 

tVvat 


’ 't "" vece"’®^ 0®'°”’ " • 

aca^^: .., \Vit\e 


esop'^ 




ose^ ®' 


dao' 


dev^‘ 


a^ 


U' 


act' 


\vc 


-ascs 


co' 


c"® c^® ^ 

"°'^ «\'®" o®"''*!, s^■"S *'® 


^ tota^ 






.vd^ 


dvd 

tV-ve 


Yv^oa'^ 


eat 




a-v 


tpt^’ 


d 


pYeVO£^'^^^^\vie 

co'4eA '°‘ ‘co'"'''i®'’‘-'°Iv SV®’*"®' 

^„t^eaov-^ ^ecot^ ^ co ^^uvcv^ 

,e4 4'e ! s 

a^^^ -..AW so ^ .„wcta’^.\wvda ..c at^ .,.ageS' 


gtap 


,V\\c 


d d-v ^ 9 ^'^\oc.tcad^’- 

aa^’ .^pnotOn^ 


TcovaP^^' ^ectad^’ "" , tesp^^^"^' V^ert^cv^^'^^ ^ es “ eA^tag^"; 

„"4 ®®V®® , ..e e"o\oS'® t U '- ^ 


(oe'*g®"°®^^^\V 

t>ev'°A to *® '®7:„C' 

j.rtptcac^ actaa^ 

^^,ea n-ae tAect^V^^''. ^ tavA' 

-S' 


iov 


oi <i'''°'^“'„e««®®' 
eas® .. ,v\'®« '° ,,o 4 ' a'®. 






AAA 


nvaa 

as tep' 

aatop^^ 


^Ut^4°^ ....-■• 

QaAS"'''^" ••••■" 

YAoao^^ ....••■•• 
Gta^'^ ' ■’ ...-••■■ 
Case-’’ ...••• 

SP-^n^aa--- 




aA 


A43A0^ 






oAepa 


- tJpo® ‘ , oc»ap 

atsCA „„-5;tOP’^ -o.'taAJ^A 


lAjet 




Veat 
V8S0 
\90S 
V9AA 
■' \9A* 

•■■ ■1933 
■V933 

•■• ^92V 

••••■ \9A6 
,.•••■ iglT 
••• ■ \934 
..•■••■ \93A 
..• ••■ \939 


oi 

a 3 
\00 
103 
\3f>’i 
2\6 


A5p^ , 

:^.TaV 






■p\ioo 

etucp'^ 


■Qvve 


■peiceP 

as.s 


taS® 


A33 


684'! 

aaoo 

\000 

lio 

^11\5 

\\36^ 


1 

3 

\4 

A 3 

AA 

A3 

S3 

36 

38 

AO 

30 

aa^ 

83 


3 

A 3-3 

3 ^ 


.09 


A. 


A 8 

3 a 

sa*) 

A.'= ^ 

o.o\‘’ 

o.' = 


detA 


Ca>" .••• . 

A^evaP' '. -jdatA'P ' 

aaov^^t 

,Awaaos'tAg 


AAAa-y 


tVAAAAOt 


A\a& 

^VdcACi^-vt ^^^eoas c-O 


a - as to 


aaoaaS 


\ead eta' 


lAACCp' 'p-cv®' ,^cf\C 

ort®”® :»toft®"°'°' 


ave 

AAAAgdt 

3®® ’r' so. '’®®'’‘"' Tg®"® ®'L'fte4 
.Aat'V '■■■'OS- ' .'s ®®'® -'= ®®' 


sUAAg 


w nt ' . ApAACC 

d-At^)' .^.P AAACAdO^ e 

.5. 


adtAca-^; f^YAda^-^^^^sed ,,^Aers, 


va\ a-oV^ A P vocaa^ 

rWAAAca^ ^V-^e a 


8,- ^ed^ag'"‘?\. 

.4® ®' ..-.to®®'®' 


^a.\c'v 

Y\\cCA' 


gX da'OA-tAO^ ‘ ^ ^^XCA' 


as 


»a\\sW'’® ’ ao 4 ®'®® 



WOLFGANG ACICERMANN 


Annals of Surgcrj' 
a r c li , 19 4 3 



Fig. II. Fig. iz. 


Fig. 9. — A very narrow orifice leads to a fairly large diverticulum of the third 
part. The arrow indicates the site of the papilla. 

Fio. 10. — There are two diverticula, a in the third, and b in the fourth part of 
the duodenum. Both have narrow orifices. 

Fig. II. — A large oblong-shaped diverticulum of the fourth part shows a very 
short and narrow orifice. 

Fig. 12. — The cast is of a duodenum which was composed of the first three parts 
only. The arrow indicates the location of the papilla. 
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However, one is led to the conclusion that in most cases they have not been 
considered the cause of any symptoms. The validity of such an assumption 
can be judged from the fact that, although the condition has been known 
to the medical profession since 1710, when Chomel first reported such a 
case, no clean-cut picture has been described, by which a clinical diagnosis 
could be established. 

T.heie is no symptom-complex characteristic of a duodenal diverticulum, 
but there are a number of symptoms associated with it, and Spriggs and 
Marxer believe that such an association has either not been recognized, or 
has received but little attention, and that diverticulosis is much more common 
than has been hitherto recognized. Scott is of a similar opinion, and Lock- 
wood and Maclean consider duodenal diverticula to be a clinical entity. 
Rankin and Martin state that in unexplained abdominal complaints diverti- 
culosis must be tliouglit of and ruled out 

It is evident from numerous reports that cases of such maladies most 
frecpiently are interpreted clinically as appendicitis, cholecystitis, pancreatitis, 
duodenitis, and gastric or duodenal ulcers, because diverticula may become 
inflamed or undergo other pathologic changes ; thev may become gangrenous 
and perforate or even cause obstructions, not only of the duodenum, but 
also of the common bile duct and the pancreatic duct as well. 

The only case in which a primary carcinoma has occurred in association 
with a duodenal diverticulum was reported by Morrison and Feldman (1926). 

Incidentally, this study of the duodenum by means of casts disclosed some , 
of its less widely known anatomic variations, and the following observations 
were made : 

A. The papilla of Vater in this series, as indicated by Figures 3, 7, 8. 9. 12 
and 13, was found to be situated at the lower bend of the descending portion 
of the duodenum, at the medial side and at the posteromedial side as well 
(not seen in these front-view illustrations). Gray places it a little below the 
middle of the descending portion and at the medial side. Piersol and Cun- 
ningham locate it 3>^-4 inches, and Grant 7.9 cm. beyond the pylorus. How 
much reliance can be placed, without reservation, upon such figures may be 
clearly seen when the distance from the pylorus to the papilla is compared 
in Figures 8 and 9. 

B. That shapes, too, may vary considerably, a fact seen particularly in 
Figures 13 and 14. 

C. That not all duodena consist of four parts; either the fourth portion 
is absent, as in Figure 12, or the third and fourth parts are represented by 
one portion ascending obliquely as in Figures i and 6. Some of these are 
angulated to such an extent that, in conjunction with the second part, they 
have the shape of the letter V, as in Figure 14. 

CONCLUSIONS 

I. This series would seem to indicate that duodenal diverticula are more 
common than has hitherto been believed. 
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Few disease s\ndromes are capable of producing such a diversity of nu- 
tiitional deficiencies so lapidly as the syndrome which may accompany gas- 
trocolic or gastrojejunocolic fistula. For many years the deficient nutritional 
status of patients who have this condition has been one of the largest con- 
tributing factors to the higli mortality rate attendant on the surgical treat- 
ment of this lesion. In the past, at least part of the high surgical mortality 
rate in such cases could be attributed to inadequate medical treatment, both 
preoperatively and postoperatively. But in view of the present knowledge 
of nutrition, these inadequacies should be overcome and the added surgical 
risk entailed by nutritional deficiencies should be largely eliminated. 

A series of patients who had gasti'ojejunocolic fistula was studied with 
a twofold purpose: First, for review of the clinical observations and deter- 
mination of the incidence, predisposing factors, signs, symptoms and the 
ultimate outcome of patients who have gastrocolic fistulae; second, for con- 
sideration of the clinical evidence of associated metabolic deficiency diseases. 
In focusing attention on the poor nutritional status of these patients, we hope 
that the need for adequate preoperative and postoperative care will be em- 
phasized in the achievement of the best surgical results. 

The material presented herein was selected from the records of the Mayo 
Clinic in the seven-year period from January, 1935, to January, 1942. Forty- 
two patients who had surgically-proved gastrocolic or gastrojejunocolic fistulae 
were encountered during this period. In 40 of these 42 cases the fistulae were 
associated with benign disease, and in the other two, complicated malignant 
disease of the upper portion of the gastro-intestinal tract was associated. 
Certain of these cases were included in a series reported previously by 
Gray and Sharpe.^ 

Gastrocolic or gastrojejunocolic fistulae may be the sequelae of three 
different types of disease process: First, there are those which complicate 
cancer of the stomach or colon; second, those which complicate gastro- 
jejunal ulcers; and third, those associated with miscellaneous diseases, such 
as abscess in the peritoneal cav ity, visceral tuberculosis, syphilis, trauma, and 

* On leave from Division of Medicine, Mayo Clinic. 
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under these circumstances. The incidence of gastrojejunocolic fistula in the 
piesence of gastrojejunal ulcer has been reported to be from ii to 14 per 
cent. Walters and Clagett reported this incidence to be 13.6 per cent. Allen 
has reported it to be 14 per cent. 


FACTOHS OF AGE AND SEX 

Lahey and SwintoiT^ stated that gastrojejunocolic fistulae usually occur 
among patients from 30 to 45 years old. In Rife’s^^ series the average age of 
the patients was 46 years. In Walters and Clagett’s series the age group 
was from 40 to 60 years. In the present series the average age of the 
patients at the clinical onset of gastrocolic or gastrojejunocolic fistula, ex- 
cluding two cases in which the condition was secondary to malignant disease, 
was approximately 45 years. The two patients who also had cancer were 
65 and 72 years old, respectively. Of the remaining 40 patients, the youngest 
was 28 years old and the oldest was 68 years old. From this point onward, 
only the 40 patients whose background condition was benign will be con- 
sidered herein, and tlie two patients just mentioned, in whom fistulae de- 
veloped secondary to carcinoma, will be omitted. 

It is difficult to state the incidence of duodenal ulcer among men and 
women. However, Robertson and Hargis^^ in a pathologico-anatomic survey 
of duodenal ulcers found evidence of healed or active ulcers in 11.8 per cent of 
cases. Their observations were based on results of necropsy as performed 
2,000 times. Certain clinical roentgenologic studies support their conclusion, 
for in one i2-m6nth period at the Mayo Clinic duodenal ulcers were found 
in 12 per cent of the 16,000 gastroduodenal examinations performed during 
that period. Balfour and Eusterman stated that peptic ulcer occurs four 
times more often among men than among women; that gastrojejunal ulcer 
occurs seven times more often among men than among women, and that gastro- 
jejunocolic fistula almost never occurs among women. 

In this series proper, there were no cases in which gastrocolic or gastro- 
jejunocolic fistula had occurred among wmmen. In all the 40 cases the 
fistulae had developed among men as sequelae to gastrojejunal ulcers. The 
two patients who had fistulae which complicated a malignant process were 

women. 


FACTOR OF PREVIOUS OPERATIONS 

In all instances the fistulae followed' some surgical procedure on the 
upper part of the gastro-intestinal tract. In 23 cases (58 per cent) the 
fistulae followed posterior gastro-enterostomy ; in 14 cases (35 per cent) the 
fistulae followed an unidentified type of gastro-enterostomy. Gastrectomy 
preceded one instance of fistula, and an unidentified type of operation pre- 
ceded still another instance. In no case was a fistula preceded by performance 
of an anterior type of gastro-enterostomy. This brief summary brings the 

total number of cases to 39. _ 

In the fortieth case there had been a previous surgically-proved gastro- 
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jejunocolic fistula. The patient in this case was of especial interest. After 
1 5 years of typical symptoms and roentgenologic evidence of a duodenal ulcer, 
the ulcer perforated. The perforation was closed and a posterior type of 
gastro-enterostomy was performed. Four years later symptoms of a gastro- 
jejunal ulcer were noticed. This ulcer, in turn, after another interim of 
six years, gave rise to a gastrojejunocolic fistula. At operation, the posterior 
gastro-enteric anastomosis was disestablished, the fistula was excised, and the 
openings in the jejunum and stomach were closed. That portion of the 
colon containing the fistulous opening was exteriorized, as is done in per- 
formance of a Mikulicz operation. Soon thereafter the old duodenal ulcer 
became reactivated and perforated acutely. Simple closure of the perforated 
ulcer was performed. The ulcer remained active, symptoms of pyloric 
obstruction developed and, at the end of eight months, a posterior type of 
gastro-enterostomy was performed because there was such a large inflam- 
matory mass surrounding the duodenal ulcer that gastric resection could 
not be accomplished. After this operation the patient complained of un- 
mistakable symptoms of gastrojejunal ulcer and a gastrojejunocolic fistula 
soon developed for the second time. Operation was again performed and 
the fistula was excised, but the patient succumbed on the sixth postoperative 
day, from pneumonia. 

INTERIM BETWEEN INITIAL OPERATION AND ONSET OF SYMPTOMS OF 

GASTROJEJUNOCOLIC FISTULA 

It is interesting to obsers^e the interval that elapsed between the initial 
operative procedure and the onset of symptoms attributable to gastrojejuno- 
colic fistula. In 17 cases a fistula developed within a year after operation; 
in 24 cases a fistula developed within two years after operation ; in 27 cases 
a fistula had developed by the third 3^ear after operation ; in 28 cases a fistula 
had developed by the fifth year after operation ; and in 35* cases a fistula 
had developed by the end of the tenth year after operation. In the remain- 
ing five cases a fistula occurred between 10 and 20 years after the original 
operations (Table I). 

Table I 

INTERIM BETWEEN OPERATION AND ONSET OF SYMPTOMS IN 
40 PATIENTS WHO HAD GASTROJEJUNOCOLIC FISTULAE 

No. of Cases Cumulative No. of Cases 
Years Since Operation in Each Period in Each Period 

0 to 5 28 28 

6 to 10 7 35 

11 to 15 2 37 

10 to 20 3 ’ 40 

SIGNS AND SYMPTOMS 

Diarrhea . — Diarrhea was present in 39 of the 40 cases. Often diarrhea 
was the presenting complaint, and it was of a vai^dng degree of severity. In 
27 cases diarrhea was intermittent in character or moderately severe — 

*Each number, of course, includes the total in the group which immediately pre- 
cedes it. 
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meaning that 6 to 12 stools were passed daily. In the remaining cases 
passage of stools occurred more frecpiently. 

i he stools were described as being either “loose and watery” or “mushy 
and infantile ’ in form and consistency. They were often copious and the 
color usually was described as “light yellow” or “gray-white.” In some 
instances they were described as “foamy,” “greasy” and “able to float on 
water.” It is noteworthy that the stools rarely were bloody. In 28 per cent 
of cases the stools contained abnormal quantities of undigested food particles. 
In certain cases undigested food from the patient’s previous meal was rec- 
ognized in the stools within from two to four hours after eating. Thirty- 
five per cent of the patients had stools which contained an abnormal amount 
of fat. In a few instances determination was made of the percentage of fat 
in the stools, and in each case an increased quantity of fat was reported. 
Approximately a fourth of the patients complained of the necessity of the 
nocturnal passage of multiple stools. 

Some effort was made to correlate the size of the ostia of the fistulous 
tract with the severity of the diarrhea. In general, those patients in whom 
the diameter of the ostia was less than two centimeters had more intermittent 
and milder diarrliea than those patients in whom the diameter of the ostia 
was larger than two centimeters. 

Loss oj Weight . — In general, loss of weight was directly proportional 
to several factors; namely, duration of the disease, severity of the diarrhea 
and, in turn, the relative diameter of the ostia of the fistulous tract. An 
occasional patient exhibited no change in weight, but others lost as much as 
50 pounds (23 Kg.) within five or six months after the development of the 
gastrojejunocolic fistula. 

Loss of Sirenglh . — Loss of strength was severe in a few cases, moderate 
in most cases, and absent in only five per cent of cases (Table II). Sevent}^- 
eight per cent of the patients had moderately severe loss of strength. De- 
hydration was frequent and paralleled the severity of the diarrhea and the 
loss of strength and weight. 

Table II 


GENERAL AND MISCELLANEOUS DEFICIENCIES OBSER\’ED IN 40 PATIENTS 
WHO HAD GASTROJEJUNOCOLIC FISTULAS 


Emaciation and dehydration 

Nutritional edema 

Ascites 

Loss of strength 

Loss of weight 

Disease of liver 

Value for serum protein reduced* 

Fatty liver (observed at operation or at postmortem) 

Dye retention (Grade 2) 

Definitely low albumin-globulin ratio 

Low normals 

Salt craving 


Number of 
Observations 
23 
10 
1 

38 

31 

Li 

7 

1 

3 

6 

1 

1 


Loss of body hair 

’''Eighty-eight per cent of patients 
was 3.7 Gm., and average value was 


tested had definitely lowered values for protein in the serum; lowest value 
4.9 Gm. per 100 cc. 
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Stercoraceons Eructation and Vomiting . — Another prominent complaint 
was belching- or vomiting of material which the patient said tasted like, 
and which often appeared to be, fecal substance. Approximately half of the 
patients complained of fecal belching, 38 per cent complained of fecal vomiting 
and 30 per cent gave no history of either. There were two cases in which 
vomiting of material not fecal in character occurred. In many instances the 
test meal produced material similar to feces in odor and color. In view of 
the nature of the gastric contents, values for hydrochloric acid as noted in 
analysis of a test meal were thought to be of little significance. 

EVIDENCE OF NUTRITIONAL DEFICIENCIES 
Gastrojejunocolic fistula causes a disease syndrome in which there is a 
unique pathologic anatomic situation especially conducive to the development 
of nutritional deficiencies. Other diseases, such as chronic ulcerative colitis, 
sprue, celiac disease and the chronic diarrheas, are capable of producing 
similar states of nutritional deficiency. In the case of gastrojejunocolic fistula, 
however, the mechanical factor, rather than aii}’^ disease process, is fore- 
most. When gastrojejunocolic fistula is present, food taken orally actually 
spends little time in the gastro-intestinal tract. It is shunted out of the stomach 
and into that portion of the bowel in which it is known that only little 
absorption of food takes place. In fact, the total time which orally ingested 
food spends in the entire gastro-intestinal tract may be as short as from one 
to two hours. Fluids, also, have but little time for absorption by the gastro- 
intestinal tract, and as a result most stools are loose and liquid. 

In the presence of gastrojejunocolic fistula, in addition to the rapid 
passage of gastric contents through the alimentary tract, as just described, 
there is a decrease in the available absorptive intestinal surface with which 
food comes into contact. Some nutriment is obtained, but most of the food 
and fluid passes on largely unchanged,, except by mastication. This is recog- 
nized readily by the presence of abnormally high quantities of food fats and 
undigested food particles in the watery stools. The disturbance in water 
balance is manifest by the prominent dehydration which most patients displa3L 
When gastrojejunocolic fistula has occurred there is ample clinical evidence 
of inadequate provision of the important foodstuffs, namely carbohydrates, 
proteins, fats and vitamins. Undernutrition generally is outstanding. Men- 
tion has been made of the striking losses in weight and strength encountered. 
Twenty-three patients (58 per cent) exhibited a marked degree of emaciation 
and dehydration (Table II). 

It is well known that deprivation of proteins provokes hypoproteinemia 
and that this, in turn, may induce changes productive of shifts in bod}' 
fluids. Edema interpreted as being “nutritional” in origin was present among 
ten patients (25 per cent) and one of these patients had associated ascites 
which could be explained on no other basis. The value for proteins in the 
serum was estimated among a number of patients, and in almost every 
instance it was found to be low. Values for protein in the serum varied 
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from the low figure of 3.7 to 4.9 Gm. per 100 cc. In some cases values for 
both albumin and globulin were lowered. Tests of hepatic function were not 
performed regularly; however, in seven cases the surgeon at the time of 
operation or the pathologist at the time of necropsy was impressed sufficiently 
to remark on the fatty condition of the liver. 

Deficiency of iion in the body will produce a hypochromic form of 
anemia ; a deficiency of Castle’s antianemic principle will produce a macro- 
cytic form of anemia. Such was found to be true in this study. Examination 
of the blood revealed definite changes in many cases. The lowest erythrocyte 
count was 3,363,000, and the lowest value for hemoglobin was 8.4 Gm. per 
100 cc. In 68 per cent of cases the erythrocyte count was less than 4,500,000 
and in 15 per cent of cases it was less than 4,000,000. In 52 per cent of cases 
the value for hemoglobin was below the normal range. Examination of blood 
smears disclosed macrocytosis to be present in 14 per cent of cases. 

When the manifold evidence of general undernutrition was considered; 
that is, loss of weight and of strength, dehydration and emaciation, peri- 
pheral edema, ascites, hypoproteinemia and anemia, it seemed probable that 
certain vitamin deficiencies should find clinical expression. Such was the 
case. These patients had been obsen'ed during a period in which refined 
laboratory measurements of vitamin deficiency diseases were being developed. 
With few exceptions, evidence of avitaminosis had to be adduced from the 
clinical observ'ations alone. The guideposts for the clinical recognition of 
vitamin deficiency states were many. A solitary deficiency state seldom 
existed. The number of instances of vitamin deficiency observed was in 
direct proportion to the severity of the diarrhea and the duration of the 
disease. 

Patients who have chronic diarrhea are known to have a greater require- 
ment for vitamins than normal persons have.^' The decrease in the power 
of adaptation to dark is one of the earliest manifestations of vitamin A 
deficiency. Two patients displayed a marked degree of this, as nyctalopia 
or “night blindness” (Table III). At the time of observation the test for 
adaptation to dark was not used clinically as widely as it is now, so that the 
exact degree of dysadaptation to dark was not observed. 

Absence of members of the vitamin B-complex provoked the most strik- 
ing evidence of vitamin deficiency slates. A third of the vitamin deficiencies 
observed were in this category. Lack of the thermolabile antineuritic com- 
ponent, thiamine, was disclosed by the presence of burning, superficial paras- 
thesias,' and in one instance severe peripheral neuritis was noted. The patient 
who complained of the latter condition also had a typical type of niacin 
deficiency, pellagra. The cutaneous lesions were characteristic. Glossitis was 
observed twice, and was ascribed to a lack of either niacin or riboflavin. 
Closely related was the occurrence of cheilosis in three patients; in one of 
them a noninfectious type of conjunctivitis was noted. These were considered 
to be typical instances of B-complex deficiency, and in the light of present 
knowledge could be attributed to a deficiency of riboflavin. 
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Table III 

TYPES OF VITAMIN DEFICIENCY OBSERVED AND SYMPTOMS THEREOF IN 40 PATIENTS 
WHO HAD GASTROJEJUNOCOLIC FISTULAE 

No. Having 


Deficiency and Symptoms of Symptoms 

Vitamin A: 

Nyctalopia 2 

Thiamine: 

Paresthesias 1 

Peripheral neuritis 1 

Riboflavin: 

Cheilosis 3 

Glossitis 2 

Conjunctivitis 1 

Niacin: 

Pellagra 1 

Ascorbic acid: 

Lowered values in blood* 11 

Ecchymoses 1 

Vitamin D : 

Tetany (carpopedal spasm) 1 

Vitamin K: 

Prolonged Quick prothrombin time 6 

Total 30 


*These 11 patients were all that had been tested for this acid. In all 11 the values were lower than normal. 


Both clinical and laboratory observations were used to detect vitamin 
C deficiency. Eleven patients had been tested for values for ascorbic acid 
in the blood. All had definitely lowered values for this acid. One patient 
in this group had multiple ecchymoses. 

Quick prothrombin times had been determined in 14 cases, and in this 
group a definitely prolonged time was present in 43 per cent. One patient 
had a Quick prothrombin value of 90 seconds as compared with a normal 
time of 20 seconds. This case was one of particular interest, being one in 
which the condition was most severe, the patient displaying pellagrous lesions, 
carpopedal spasm and other evidences of nutritional disturbances. 

Preoperative Preparation . — Inasmuch as a large proportion of patients 
who have gastrojejunocolic fistula exhibit clinical evidence of marked de- 
ficiency disease, it is obvious that a most energetic effort to restore the 
patient to proper physical and chemical health prior to operation should be 
considered of utmost importance. Such an effort can be made by means of 
good preoperative care. Treatment of this type also should be continued 
postoperatively. There is no specified textbook procedui'e. The primary 
objective is to restore the patient to good nutritional balance as quickl}’^ and 
as economically as possible. Gray and Sharpe reported a mortalit}’^ rate 
of 61.5 per cent in a series of cases in which operation had been performed 
for gastrojejunocolic fistula without adequate preoperative prej)aration of the 
patients, in contrast with a mortality rate of 27.7 per cent in a group of 
patients who received adequate preoperative care. 

Adequate quantities of fluids in the form of physiologic solution of sodium 
chloride and solutions of glucose should be given by In'podennoclysis. Trans- 
fused blood and plasma are of value. In addition to the fact that they con- 
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iributc a certain amount of fluid, the former are valuable in that they’ tend 
o res 01 e protein to the plasma. The use of extracts of iron and liver may be 
indicated A high caloric, high vitamin and low residue diet is suggested. 

o elaborate plan of dosage of vitamins is necessary so long as the 
amounts administered are in excess of the optimal standards as adopted by 
t le National Research Council’^ for an active person. Preparation should be 
carried on not for one day preoperatively, but should extend over a longer 
period. In general, the preoperative program should be planned so as to 
replenish generously each of the sorely depleted nutritional stores of the 
body, and as a rule requires one week to two weeks. 

SURGICAL ASPECTS 

Many diflferent surgical procedures have been suggested for the treatment 
of gastrojejunocolic fistula. As experience with the surgical management of 
this lesion has increased, the relative appreciation of the advantages and 
disadvantages of the various procedures has become more nearly accurate. 
Some surgeons have endeavored to accomplish all that is necessary in a 
single-stage procedure, whereas others have employed operations of several 
stages in the hope of reducing the operative risk. 

In general, the iwious plans of surgical procedures can be divided into 
three main categories ; First, a preliminary procedure of some type performed 
in the hope of reducing the risk associated with subsequent removal of the 
fistula ; second, removal of the fistula without the making of any appreciable 
effort to prevent further formation of an ulcer or ulcers; third, removal of 
the fistula in association with performance of partial gastrectomy for the 
purpose of correcting the immediate condition and also preventing subsequent 
gastric, duodenal or jejunal ulceration. 

Preliminary jejunostomy or colostomy are examples of the first type of 
procedure. In former years jejunostomy occasionally was employed as a 
procedure by Avhich it was hoped that the general nutritive state of the patient 
might be improved prior to performance of the more extensive procedure of 
removing the fistula. This procedure is only partially successful as a rule, 
and for several reasons it is not employed now as often as in the past. With 
the current availability of various vitamin preparations and nutritive supple- 
ments for parenteral use, as much usually can be accomplished by the use 
of such preparations in combination with transfusions of blood and plasma 
as by the insertion of a jejunostomy tube for feeding purposes. More recently, 
Pfeiffer and Kent^” have suggested preliminary colostomy, and in our ex- 
perience this has been most helpful. Usually, a portion of the transverse 
colon between the hepatic flexure and the site of the gastrojejunocolic fistula 
is exteriorized for the purpose of drainage. The improvement which takes 
place in almost every patient after this procedure is most striking. Generally, 
there is a definite gain in weight associated with improvement of appetite, 
amelioration of anemia and lessening of the diarrhea. After performance 
of colostomy proximal to the fistulous tract, regurgitation of colonic contents 
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into the stomach and thereby into the small intestine is prevented. Presum- 
ably, such regurgitation is at least in part responsible for certain important 
alterations in the patient’s general condition. It appears obvious that fecal 
material whicli is constantly retained in the stomach would cause a certain 
amount of inflammatory reaction in that organ. In addition, much of this 
fecal material might well leave the stomach through the duodenum and thereby 
be absorbed to some degree in the small intestine, an abnormal state of 
affairs which might readily result in deleterious effects. Furthermore, pre- 
liminary colostom}^ has an additional advantage of distinct value in that it 
eliminates all fecal material from the region of the fistula and permits thorough 
cleansing of the stomach, jejunum and colon in the vicinity of the fistula 
prior to performance of the corrective type of surgical procedure. In addi- 
tion, after closure of the fistula in the colon no fecal material remains in 
this portion of the bowel, a fact which should improve the chance for good 
healing. It appears that this factor in itself adds greatly to the safety of 
removal of the fistula. 

Operations directed mainly toward removal of the fistula without per- 
formance of an associated procedure of significance to prevent further ulcera- 
tion are not employed as frequently today as they were formerly. We refer 
to surgical disestablishment of the gastro-enteric anastomosis, with excision 
of the fistula and closure of the openings in the stomach, jejunum and colon, 
associated or unassociatcd with some type of local operation on the pylorus 
and duodenum. Although procedures of this t3^pe do correct the immediate 
situation, they oft’er little protection against the possibility of recurrent ulcer- 
ation. Usually, procedures of this type have been employed for the patient 
who is in exceedingly poor condition and for whom it seems advisable to 
keep the surgical procedure to an absolute minimum. In the past jejunostomy 
often has been performed in association with this form of operation. With 
current methods of preoperative preparation, however, jejunostomy does not 
often seem necessary. 

The corrective operation of choice, if the condition of the patient permits 
it (and generally it will, if proper preliminary attention, both medical and 
surgical, has been carried out), consists of surgical disconnection of the 
gastro-enteric anastomosis, excision of the fistula, closure of the openings in 
the jejunum and colon, and generous resection of the stomach, preferably 
with the establishment of a posterior Polya type of gastrojejunal anastomosis. 
The stomach is joined to the jejunum distal to the site in the jejunum at 
which the previous gastro-enteric stoma existed. This form of surgical 
treatment not only eliminates the fistula but also offers definite protection 
against recurrent ulceration. As a rule, such a procedure can be accomplished 
without undue risk, provided, as said before, adequate preliminary preparation 
has been carried out. In our opinion, therefore, the treatment of choice for 
gastrojejunocolic fistula consists in proper preliminary preparation with the 
administration of fluids, vitamins and the transfusion of blood if necessar}’-, 
followed by performance of colostomy proximal to the fistula. After a 
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tion, the fistula is then excised and ’the stnr^^T”^ 

when the patient’s condition permits it the Subsequently, 

-ent of a regimen of this ty/e "I bl 

satisfactory results. ’ ^^ore and more 
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1 41 (table IV). This „-,eans that the mortality rate was 
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Tahle IV 

treatment: .(I CASES OF 
AMONG 40 PAT(ENTS 


GASTROJEJL'NoCOJ.IC fistulae 
Gastric Resection 


Result 

Operative deatlts 

Performed, 

17 Cases 

Not Performed, 

24 Cases 

Total, 
41 Cases 

No further record 


0 

11 

Recurrent distress from ulcer . 


3 

13 

Good health 


9 

10 

Died, unrelated causes 


3 

6 

Died, massive hcniatcmcsis* 


0 

I 

Total 


1 

1 

♦This patient is also listed as liaving had 
in the final two columns. 

recurrent ulcer distress: hetice the totals of 25 and 42, respectively 


approximately 27 per cent. There are several factors which seem most im- 
portant in the reduction of the operative mortality rate. These include a 
full appreciation of the nutritional deficiencies which this lesion may cause 
and adequate preoperative preparation to compensate for these abnormalities. 
In addition, the performance of colostomy, carried out proximal to the fistula, 
as a preliminary procedure prior to removal of the fistula and gastric re- 
section, reduces the risk of the latter procedure. Postmortem examination, 
which was performed on ten of the ii patients who succumbed after opera- 
tion, revealed that peritonitis and bronchopneumonia were the two complica- 
tions ^hich contributed most frequently to the fatal outcome. 

Of the 30 patients who survived operation, 13 were not heard from after 
their original dismissal, and consequently the condition of their health is 
unknown. Of the remaining 17 patients, six were reported to be in good 
health and ten had had further distress of the ulcerous type, to the time 
of this report. In this regard it is of interest to consider the result obtained 
in relation to the type of operation performed. In the entire 41 cases,* 
gastric resection was performed scA’Cnteen times and in the remaining 24 

* Counting, as said previously, the one patient who twice underwent operation for 
gastrojej unocolic fistula as representative of two cases. There were, of course, 40 
patients in the series. 
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cases an operation which did not include gastric resection was carried out. 
Of the ten patients who experienced further distress of the ulcerous type 
after operation, only one had undergone gastric resection. In contrast, three 
of the six patients who were reported to be “cured” had undergone gastric 
resection. These results substantiate the merit of gastric resection in the 
presence of gastrojejunocolic fistula. 

smotARY 

Gastrojejunocolic fistula results in a unique mechanical gastro-intestinal 
shunt. By its mechanism a decrease occurs in the available absorptive in- 
testinal surface. The presence of such a pathologic anatomic pattern is con- 
ducive to the development of nutritional disturbances. 

In the present series, with two exceptions, gastrojejunocolic fistula in all 
cases followed gastrojejunal ulcer, the ulcer having been a sequela to a previous 
operation, usually gastro-enterostomy. In 42 per cent of the 40 cases the 
fistula occurred within a 3'ear after the original operation. In one patient a 
gastrojejunocolic fistula developed for the second time. All patients were 
males. The average age of the patient at the clinical onset of the condition 
was 45 years. The estimated incidence of gastrojejunocolic fistula in the 
presence of gastrojejunal ulcer varies between ii and 14 per cent. 

Diarrhea and fecal belching or vomiting are the most common symptoms 
of this condition. Evidence of malnutrition is manifold. Extreme loss of 
weight and strength and the presence' of dehydration, emaciation, hypo- 
proteinemia, nutritional edema, anemia and multiple vitamin deficiency states 
are characteristic. Such vitamin deficiencies as night blindness, peripheral 
neuritis, paresthesias, pellagra, glossitis, conjunctivitis, cheilosis, ecchymoses 
with decreased values for ascorbic acid in the blood and hypoprothrombinemia 
have been obsen’-ed. The primar}' object of preoperative care should be to 
replenish each of the depleted body nutritional stores, and in so doing, to 
restore the patient to satisfactory chemical and physical health, so that surgical 
operation can be performed with the least possible risk. 

The surgical treatment of choice for gastrojejunocolic fistula consists of 
resection of the stomach after the stomach, jejunum and colon have been 
detached from their fistulous connection. In certain cases preliminary colos- 
tomy may be advisable. In the present series of 41 cases (40 patients, of 
whom one underwent operation twice for fistula) the operative mortality 
rate was approximately 27 per cent. There are reasons for the belief that 
this mortality rate will be materially reduced in the future. Results after 
gastric resection are definitely superior to those which follow mere removal 
of the fistulous tract in a procedure unassociated with partial gastrectomy. 
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ANALYSIS OF 130 CASES OPERATED UPON AT THE PRESBYTERIAN HOSPITAL, 
NEW YORK CITY, FROM 1936 TO 1939, INCLUSIVE: WITH USE OF MILLER- 

ABBOTT TUBE IN 1938 AND 1939 

Beverly Cheav Smith, M.D., and Frederick T. van Beuren, M.D. 

Nkw YonK, N. Y. 

This report completes a 24-year study of acute ileus at the Presbyterian 
Hospital b}' the same authors. The entii*e study has been divided into six 
four-year periods. The mortality b}^ periods is recorded in Table I ; 

Table I 

MORTALITY BY PERIODS 


Period Number of Cases Late Casesf Mortality 

1910-1919 inclusive 60 81% 66.6% 

1920-1923 inclusive 80 66% 53.7% 

1924-1927 inclusive 108 61% 44.4% 

1928-1931 inclusive 72 71% 48.6% 

1932-1935 inclusive 130 60% 28.4% 

1035-1939 inclusive 130 68% 23.8% 


Toward the end of this period the following observations were out- 
standing : 

1. The Staft has become, so to speak, more conscious of the possibility 
of intestinal obstruction in cases of obscure abdominal complaint. 

2. The status of enterostomy has been reviewed, indications for the 
operation clarified, and its employment decreased. 

3. Dehydration has been recognized, methods developed to determine 
the degree present, and various properly prepard solutions have been made 
easily available for its early correction. 

4. Electrolyte deficiency has been chemically studied and early replace- 
ments made. 

5. Roentgenograms have become a dependable diagnostic modality. 

6. Gastric suction has effectively supplemented or replaced lavage, bring- 
ing with it chemical electrolytic problems requiring laboratory solution. 

7. Intestinal intubation with the Miller-Abbott tube has largely supple- 
mented or replaced gastric suction. 

8. Sulfonamide drugs in the peritoneal cavity, parenterally and per os, 
have become accepted therapy. 

9. The parenteral peristaltic drugs combined with rectal treatments have 
been more frequently used. 

10. Spinal anesthesia has become, both as to drug and technic, safer and 
more effective, 

* Read before the New York Surgical Societ3% February 24, 1943. 

t Signs and symptoms of obstruction present on admission for 48 hours or more. 
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II. The percentage of late cases admitted to the Hospital has remained 
about the same during 24 years, namely, 60 to 69 per cent. 

We still believe it advisable that more than one observer engage in such 

a review. Controversial points of diagnosis were freely discussed before 
recording. 

This 1935-1940 series contains 130 cases which, by chance, is exactly 
the same as the 1932-1935 group. 

This report is not to be confused with that of Leigh, Nelson and 
Swenson^ from the same institution in 1940, concerning the use of the Miller- 
Abbott tube as an adjunct to siirger)'' of small intestinal obstructions. In 
tlieir series many cases were diagnosed but recovered with conservative 
therapy without operation. Their classification was; I. Noninflammatory, 
(A) paralytic and (B) mechanical obstruction; II. obstruction Avith peri- 
tonitis ; and III, obstruction with gangrene, whereas we have continued our 
original classification of complete, incomplete obstruction, and paralytic ileus. 
Al! cases in our series Avere operated upon. This classification, because of 
the Miller-Abbott tube, Avill require subsequent modification in order to 
include nonoperative cases, AAdiich liaA^e been diagnosed roentgenologicall)o 

For comparison, a table of the present and previous series is pre- 
sented (Table II) : 


Table II 

COMI'ARISO.V OF PRESENT AND PREVIOUS SERIES* 
U932-J03S. Inclusive) 


Total Ni 

Series 130 

Complete obstruction 91 

Incomplete obstruction 26 

Paralytic ileus 13 

U 936-1 9. 

Series 130 

Complete obstruction 103 

Incomplete obstruction 10 

Paralytic ileus 11 


ber Late Cases 

Recovered 

Died 

Mortalit 

60% 

94 

36 

27.6% 

63% 

78 

13 

14.3% 

88% 

1.3 

11 

42.3% 

697o 

1 

12 

92.3% 

Inclusive) 

68% 

99 

31 

23.8% 

63% 

84 

19 

18.4% 

88% 

14 

2 

12.5% 

90% 

1 

10 

90.9% 


A comparison of these series sIioavs eight per cent more late cases in 
1936-1939 group. This should be accompanied, on past experiences, Avith 
a higher group mortality, but this is not so. The group mortality Avas 3.8 
per cent less. The predominating factors in these results Avere the tise^ of 
the Miller-Abbott tube, continuous gastric suction, and a greater correction 
of dehydration. Sulfonamide drugs Avere not used in the last series. The 
greatest difference in group mortality lies in the incomplete cases, Avhere 
there was a decrease from 42.3 to 12.5 per cent. This we believe due 
primarily to the use of the Miller-Abbott tube. The incomplete group re- 
duction was the greatest factor in reducing this series mortality. 
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Table III 

ANALYSIS OF CASES GROUPED AS TO ETIOLOGY 
1. ACUTE COMPLETE MECHANICAL OBSTRUCTION 
iSeries lojs — JQ3P, Inclusive) 

Number of Cases Recovered 


Old postoperative adhesions or bands (2 with gangrene) 47 41 

Recent adhesions or bands (recent peritonitis) 14 12 

Carcinoma of small intestine and colon 8 5 

Strangulated hernia (8 with gangrene) 28 20 

Volvulus of intestine 5 5 

Intussusception 1 1 

Totals 103 84 


Died Mortality 
6 12.7%' 

2 14.3% 

3 37.5% 

8 28.0% 

0 0 

0 0 


19 18.4% 


The mortality of this group in the 1932-1935 series was 14.3 per cent, 
due to a mortality in the old adhesions group of 2.5 per cent in 41 cases. 
This illustrates that the cases of one series ma}^ by chance, be more desperate 
than in another comparable one. 


Table IV 

ACUTE INCOMPLETE MECHANICAL OBSTRUCTION 
(Series 1035 — 1039, Inclusive) 



Number of Cases 

Recovered 

Died 

Mortality 

Old postoperative adhe.sion.=; 

11 

9 

2 

10% 

Recent adhesions (recent peritonitisl 

4 

4 

0 

0% 

Neoplasm of intestine 

1 

0 

1 

100 

Strangulated hernia 

1 

1 

0 

0 % 

Totals 

16 

13 

2 

12.5— 


In the previous series this group contained 26 cases, with a mortality 
of 42.3 per cent. The reduced mortality in this group was the result of 
fewer colon carcinoma cases and the use of the Miller-Abbott tube. 

Table V 

PARALYTIC ILEUS 
(Series 1035 — /pjp. Inclusive) 

Number of Cases Recovered 

.appendicitis, with acute diffuse peritonitis 4 1 

Mesenteric thrombosis, with peritonitis 3 

Acute diffuse peritonitis (cause undetermined) 3 

Acute diffuse peritonitis following pelvic operation. . . . 1 

Totals 11 1 

We define paralytic ileus as those cases with a generalized intestinal 
distention, without mechanical obstruction, with diffuse peritonitis or other 
profound patholog}'^, and believe they should not be operated upon except 
to remove a focus. 

The paralytic ileus group mortality of 90.9 per cent indicates its gravity 
prior to the use of sulfonamide drugs. The mortality in 13 paralytic ileus 
cases in the previous series was 92.3 per cent. Thus, in eight years, combin- 
ing these two series, the mortality in 24 cases of paralytic ileus is 91.6 
per cent. 


Died Mortality 
3 75% 

3 100% 

3 100% 

1 100 % 


10 90.9% 
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Table VI 





ANESTHESIA 





{Series J 035 — iqjq. Inclusive) 




I.ocal 

Number of Cases 

Recovered 

Died 

Mortality 

General 


1 1 

3 


Spinal 



15 

23.8% 




10 

21.2% 

Total 





Anesthetics 

should be thoughtfully adapted to 

each case. 

Local was 


employed for the sickest, and the least surgery. Spinal — a single or con- 
tinuous injection — became the anesthetic of choice. It collapsed intestine, 
which gave better exposure, ease of closure, and shortened operative time. 
Disadvantages were lowered blood pressure, anoxemia, and shock, which were 
combated by ephedrine, intravenous fluids and oxygen. 

In complete obstructions fluid replacement averaged 2,900 cc. daily during 
their acute illness, which was 700 cc. more than the previous series. Daily 
intake rose for short periods to 5,000 cc. or more, depending upon other 
pathology. 

In the same group, peristaltic drugs were administered in 59 cases, with 
a mortality of 13.5 per cent. In the previous series they were used in 60 
cases, with a mortality of 15 per cent. In the 39 cases they were not used, 
the mortality was 18 per cent. The Miller-Abbott tube, with rectal treat- 
ments postoperatively, decreased their use. In the early cases in which gastric 
and Miller-Abbott tubes were not used they were more effective. 

Diagnostic roentgenograms taken with patients sitting up, lying on right 
and left sides, were positive for gas and fluid levels in 94 per cent of 83 cases 
operated upon, and inconclusive or negative in six per cent. Those with nega- 
tive roentgenologic diagnosis, with obstruction, were such early cases that fluid 
levels were not present, and distension alone was not sufficient to warrant 
a positive diagnosis. A negative roentgenogram should not delay operation 
if the history and physical findings are definitive. 

The negative roentgenograms were on incomplete obstructions which 
were not severely distended. None of these died. This would suggest that 
a negative roentgenogram may indicate a good prognosis. In the presence of 
a negative film, and clinical evidence of obstruction, exposures should be 
fre(juently repeated if the patient is not operated upon. 


Table VII 

ENTEROSTOMV FOR COMPLETE OBSTRUCTION 

Primary Mortality 


23.3% 

16% 


Secondary Mortality 


23% 

60% 


1932 — 1935, incl 
1936—1939, incl. 
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30 

25 


12 

5 
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The result of combining the last two series of enterostomy cases is tabu- 
lated in Table VIII : 


Table VIII 


aggregate statistics of mortality following enterostomy in the last two series 


{Series 1032 — 1035 and 1Q36 — I03Q, Inclusive) 

No. Cases Mortality 


Enterostomy for complete obstruction 72 27.7% 

Enterostomy for incomplte obstruction 18 59% 

Enterostomy for paralytic ileus 18 88.8% 


Operative Treatment . — In all series, this varied from division of a single 
band, to colon or small bowel resection for advanced pathology. Enter- 
ostomy has been less frequently performed since the advent of the Miller- 
Abbott tube, particularly in the secondaiy group, and, recently, less in the 
primary group. We prefer the Witzel technic, without passing the tube 
through omentum or suturing intestine to the peritoneum. 

The Miller- Abbott tube was first used in The Presbyterian Hospital in 
December, 1937. Its use has steadily increased, until now, for medical and 
surgical conditions, it has been employed in approximately 700 cases. We 
emplo}' a graduate nurse to supervise these tubes and, except for records con- 
cerning each case, she has no other duties. 


TECHNIC OF E.MPLOYMENT OF THE MILLER-ABBOTT TUBE 

The tube is used as follows : The nasal passage is inspected for adequate 
patency; together with the pharynx it is cocainized; the balloon is folded 
over the tip, well lubricated and passed through the nostril into the stomach. 
Sipping water aids its more rapid passage. The tip is placed at the pylorus 


Table IX 

SERIES OF 130 CASES — MILLER-ABBOTT TUBE EMPLOYED IN 36, OR 27.6 PER CENT 
{Series IQ3S — 1939, Inclusive) 


Diagnosis 

Paralytic ileus 

Mechanical complete and incomplete obstruction 

No. Cases 

5 

31 

Died 

4 

3 

Mortality 

80% 

9.6% 



36 

7 

19.1% 


Table X 

COMPLETE AND INCOMPLETE OBSTRUCTION 

{Series 1935 — 1939, Inclusive) 

No. Cases 

31 

Died 

3 

Mortality 

9.6% 



40 

10 

25% 



48 

8 

16.6% 








119 

21 

17.6% 

Miller-Ahhntt tiihp 

Table XI 

PARALYTIC ILEUS 

No. Cases* 

5 

Died 

4 

Mortality 

80% 



6 

6 

100% 



11 

10 

90.9% 

* Sulfonamide drugs and Miller-Abbott tube 

1 

0 

0 
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Table XII 

TOTAL SERIES 


INCLUDING MECHANICAL COMPLETE, INCOMPLEIE AND PARALYTIC CASES 
(Seriesjoss — 1030, Inclusive) 


Millcr-Abbott tube 

Gastric suction 

Without Miller-Abbott tube or gastric suction 


No. Cases Died 
36 7 

46 16 

48 8 


Totals 



Mortality 
19 . 1 % 
34 . 7 % 
16 . 6 % 

23 . 8 % 


under the fluoroscope with the tube lying along the greater curvature. It is 
lield lightly by adhesive against the nose (not cheek) for if the slack lay 
along the greater curvature there is sufficient tubing in the stomach to allow " 
the tip to reach the third portion of the duodenum without introducing 
more, which may coil or kink. 

The following observations concerning the Miller-Abbott tube warrant 
emphasis : 

The progress of the tube can be noted by fluoroscopy and recorded by 
roentgenograms. Sufficient roentgenray can be administered under such 
circumstances to affect the skin. Roentgenologic Department observations of 
the tube should be timed on the chart. 


Its rapid passage through the pylorus is facilitated by manipulation under 
the fluoroscope. This requires experienced observations in a minimum of 
time. Suction deflates the stomach. Fluids are allowed in order to propel 
the tube to the pylorus. The patient preferably, but not necessarily, lies 
on his right side. Once through the pylorus the balloon is inflated with 
20CC. of air and allowed to progress of its own accord. Peristalsis carries 
the inflated balloon downward, causing a noticeable tug. In paralytic ileus 
the tube may not advance so rapidly, and requires more attention to deflate 
atonic coils of intestine. In the absence of peristalsis it may be advanced 


by doctor or patient, but not faster than six inches every two hours, in order 
to prevent coiling in the stomach. It is frequently irrigated with 40-60 cc. 
of saline to insure its patency, dilute intestinal contents and deflate successive 
loops. Patients are so grateful for the relief after gastric deflation that they 
often cooperate with subsequent tube care. The position of the tube tip 
can be determined by (i) aspiration of bile or jejunal content; (2) the 


time required for fluid by mouth to be aspirated ; and (3) by lack of resistance 
to inflation of the balloon if it remains in the stomach. We do not hesitate 
to transport sick cases to fluoroscopy for manipulation of the tube if it has 
not passed out of the stomach in 6-12 hours. During this time continuous 

gastric suction is emptying the stomach. 

The time amount and character of the aspirated fluid should be charted, 
tOEether with hematocrit, plasma specific gravity, plasma protein and blood 
chloride determinations. Chloride replacement shonld be approximately five 
grams for each liter aspirated. Continuous aspiration with the tube t.p m 
The jejunum returns one-half to two-thirds of the fluid taken by mouth. 
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whereas about one-third returns with the tip in the ileum. Frequent fluoro- 
scopic or roentgenologic examinations determine the site and rate of progress 
of the tube. 

Often, regurgitated loop-content requires withdrawal of the tube tip 
into that loop, aspirating it, and again allowing the tube to advance. The 
stomach may become distended while the tube tip is deflating the jejunum, 
in which case a gastric lavage by a Levin tube may be necessary. The tube 
should be left in situ until (i) the obstruction is relieved or passed; (2) it 
has reached the cecum; or (3) the character of the aspirated fluid becomes 
normal intestinal contents, and the Roentgenologic Department agrees that 
its diagnostic possibilities have been exhausted. 

The tube was left in situ for an average of five and one-half days. The 
longest time was 39 days. The average fluid recovered was 3,300 cc. for 
the ordinary case. The largest amount was 36,000 cc. in 27 days. 

At operation, it has served as a guide to the site of obstruction. 

Successful intubation deflates, improves blood supply and neromuscular 
mechanism of peristalsis, permits absorption and correction of fluid and 
electrolyte imbalance, diagnosis of site and extent of local pathology, and 
converts a toxic, distended late case into either a comparative early or a 
nontoxic, nonobstructed one. 

With the tube in situ, high protein fluids can be given and hypoproteinemia 
be corrected by other than plasma and whole blood. A tube which has 
coiled into a knot may remain patent but may not pass a partial obstruction. 
During intubation, clinical signs and symptoms of compromised blood supply 
of intestine must be constantly kept in mind and watched for. They are often 
difficult to ascertain and may occur in the absence of fever, leukocytosis and 
tenderness. The development of gangrene of the intestine while an ileus 
toxemia is being combatted, constitutes the greatest danger associated with 
the Miller- Abbott tube. Fortunately, if patients are closely watched, this 
occurs infrequently. 

The tube may be retarded by a kink, band, foreign body, tumor, inflam- 
mation of the wall or extrinsic pressure. Following deflation, barium may 
be injected through the tube and films may reveal the nature of the 
local pathology. The fact that the barium advances but the tube does not, 
confirms the degree of the mechanical obstruction. Multiple obstructions 
may be demonstrated. A site of cryptic bleeding may be localized by gross 
appearance or chemical tests upon aspirated fluid. 

The following adverse incidents have occurred in our experiences with 
this tube: 

Patients may not tolerate it. Irrational patients may remove it, and 
restraint increases their restlessness. It is difficult, almost impossible, to get 
a Miller- Abbott tube to pass through a gastrojejunal stoma. It may be 
coughed or vomited up. It is poorly tolerated in the presence of pneumonia. 
Nasal pathology makes it locally uncomfortable. The nasopharyngeal portion 
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should be cleansed of dried secretions, oiled and replaced several times a day. 
Esophagitis has been reported, but it has not manifested itself clinically in 
our cases. Laryngitis has not been a serious complication. The tube may not 
pass through the pylorus because of gastric atony, distension or local path- 
ology. It has been regurgitated from the duodenum. Inflation of the balloon 
prevents this. It has coiled and knotted in the stomach and intestine. The 
balloon has been broken by overinflation and the injection of fluid. The 
orifices for fluid and air should be plainly marked. The tip may become 
lodged in a partial obstruction and convert it into a complete one. An in- 
flated balloon may act similarly. The small intestine has intussuscepted 
itself on the tube. It has delayed operation and permitted gangrene of the 
intestine to occur during the period of treatment. Incorrect interpretation 
of the patient’s response to treatment, and delay in making these observations, 
may unnecessarily delay operation. Large bowel treatments (lavage, etc.) 
administered when the tube is in the terminal ileum or cecum have been re- 
covered through the oral end of the tube. Fluids given for nourishment, par- 
ticularly those containing milk, may block the tube and necessitate its with- 
drawal for cleansing. 

Confronted with an early case of obvious intestinal obstruction, without 
severe distension, confirmed roentgenologically, and without clinically evident 
dehydration, one must decide whether emergency operation or Miller-Abbott 
tube intubation should be undertaken on the merits of the particular case. 
Given a late case, similarly proven, distended, and dehydrated, the Miller- 
Abbott tube should seriously be considered for preoperative treatment, for 
its greatest usefulness has been observed in this group. If signs and symp- 
toms of intestinal gangrene are suspected or are evident, operative delay 
because of Miller-Abbott tube treatments will produce a fatality. 

For resections of obstructed as Avell as unobstructed right colon carcinoma 
cases, this tube has largely replaced enterostomy as a decompressing pro- 
cedure and has permitted more successful one-stage operations. 


DISCUSSION 


This last group ( i935-i939) of a 24-year series showed the lowest 
mortality, we believe, due to an earlier diagnosis, aided largely by roent- 
genology, adequate fluid and electrolyte replacement, better anesthesia, the 
use of peristaltic drugs and rectal treatments, and, particularly, the employ- 
ment of the Miller-Abbott tube. 

The Miller-Abbott tube and gastric suction were not employed m early 
cases with simple pathology who had an easy, short operation, whose intestine 
showed peristalsis, and who responded to drugs and rectal treatments. 

Small intestinal roentgenologic studies should be made upon cases of 
obstruction which have recovered without operation. Findings may indicate 


an interval exploration. 

Early diagnosis of obstruction remains difficult. 


Roentgenologic examina- 


434 



VoUirac 117 
Number 3 


ACUTE ILEUS 


lion has been the single, outstanding, dependable diagnostic aid. Diagnosis 
should be made before the roentgenologic findings become positive, but this 
is often difficult. Obstruction occurring during another illness is even more 
difficult to diagnose. 

The same type of errors of diagnosis and treatment seem to recur in 
each series, but are least outstanding in the latest series. 

Delay in certain instances is unwarranted in attempting to make a new 
treatment work. We have seen this, in turn, with hypertonic saline, peristaltic 
drugs and the Miller-Abbott tube. 

Prolonged operations upon seriously ill, dehydrated, distended patients 
is just as dangerous today as it was a quarter of a century ago. 

Injudicious choice of anesthesia nia}' be fatal. It should be adapted to 
the patient. 

A scar of a previous abdominal operation remains an indication of a 
possible obstruction in an abdominal complaint. 

We are still impressed by the number of obstructions that follow ab- 
dominal gynecologic operations. 

The positive roentgenogram may not follow the suspected clinical signs 
of obstruction for some time, but it may be positive earlier than the clinical 
diagnosis. When the roentgenologic diagnosis is not positive, the entire 
situation should be reviewed by a senior observer. 

As important as electrolytic balance is. it can be further upset by 
overtreatment. 

Witzel enterostomy technic has demonstrated the following as compared 
to that of Kader: 

(a) Fewer have had to be closed operatively. 

(b) They have functioned better and less has escaped around the tube. 

(c) With removal of the tube the intestinal opening has leaked less and 
closed more quickly. 

Enterostomy as an adjunct to the treatment of intestinal obstruction 
should not be discarded. It has been more effective as a primary than 
secondary procedure. 

Principles concerning viable and nonviable intestine should be reviewed 
before closing an abdomen. 

Chart records could be more easily classified if there was, in the written 
operative procedure, a concise note as to the duration of preoperative symp- 
toms, the presence of collapsed and distended intestine, an exact descrip- 
tion of the condition of the intestine, and the obstructing mechanism. The 
last, at times may be most difficult. 

Aerobic and anaerobic cultures should be taken of peritoneal fluids and 
resection sites at the completion of the operation. 

Six to eight grams of sulfanilamide should be left in the abdomen in 
cases with an odoriferous fluid or in which the intestine has been opened. 
It is not a good substitute for poor surgery. 
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1 00 many instances of secondary peritonitis have followed contamination 
from hernia sacs. Better protection should be practiced. 

Richter herniae are dangerous because of difficulty of diagnosis; even 
the roentgenogram misses them, and the segment of intestine involved is 
often nonviable. 

Methods of preventing peritoneal adhesions, including the size and posi- 
tion of the incision through the abdominal wall, are still an important part 
of the ritual of any abdominal operation. 
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ISLET CELL CARCINOMA OF PANCREAS, WITH METASTASIS 
Hahold a. Hanjvo, M.D., and Roi^\nd W. Banks, M.D. 

Philadelphia, Pa. 

FROM THE DEPARTMENTS OF PATHOLOGY, GASTRO-ENTEROLOGY, AND SURGERY, GRADUATE HOSPITAL, 
UNIVERSITY OF PENNSYLVANIA. PHILADELPHIA, PA. 

A NUMBER of islet cell tumors of the pancreas, both benign and malignant, 
have been recorded in the literature. Nicholls,'*^ in 1902, reported the first 
unequivocal islet tumor, an adenoma discovered as an incidental finding at 
autopsy. Fabozzi,’^® in 1903, described five cases, four of which showed 
involvement of other organs. During the next few years additional cases of 
islet cell adenoma were found. Vecchio,^® in 1914, described an 
islet cell tumor found in aberrant pancreatic tissue. Lang^'^ was the first to 
report the finding of multiple adenomata of the pancreas. Reviewing the 
subject in 1926, \^'’arren•"^ could find only 16 reports of islet cell tumors, none 
of which involved distant or neighboring organs, and he added four cases 
of his own. In none of the cases which he reported was a clinical summary 
included. He ventured the opinion that these lesions “probably never give 
rise to trouble during life and have no clinical significance.” 

However, following the discovery of insulin by Banting and Best,- in 
1922, and the recognition of the effects of insulin overdosage.--’ ^ the tumors 
of the islet cells of the pancreas soon were resurrected from the limbo of mere 
pathologic curiosities. Interest in these tumors mounted because of the 
clinical picture which some of them wei*e found to present. 

Credit belongs to Harris-” for suggesting, in 1924, the possibility of hyper- 
secretion of insulin as the causative factor in certain cases of spontaneous 
hypogl3^cemia. This hypothesis was confirmed when, in 1927, Wilder, Allan, 
Power, and Robertson”^ reported their case of the physician who clinically 
presented a typical picture of severe hypoglycemia and who showed at opera- 
tion and at autopsy an islet cell tumor of the tail of the pancreas, with 
metastases to the liver and the regional lymph nodes. Assay of the tumor 
tissue revealed the presence of a markedly increased insulin content. War- 
reii55 i-egarded the demonstration of insulin in the tumor metastases in this 
case as laying the foundation for the clinical entity of hyperinsulinism and 
he considered it as the final proof of the etiologic relationship of insulin lack 
to diabetes mellitus. Since the report of Wilder and his associates, the 
presence of insulin in increased amounts in the tumor tissue in cases of 
islet cell neoplasm, with hypoglycemia, has been demonstrated several 
times .^^’ ''' 

The incidence of tumors of the islands of Langerhans is a matter of 
some question. Whipple and Frantz,'”® in 1935, reported only 61 cases, 
only one of which showed metastases. Three years later Whipple”^ listed 
7q cases of islet cell tumor, with li^^pogB^cemia, and, in 1940,’ Frantz®^ 
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was able to gather 96 cases. In 1941, Keating and Wilder=*^ reported 106 
cases. This number has been increased to 134 in Whipple’s^s recent article. 
1 loi e 1 ecently a number of additional cases have been recorded.^®- ‘‘s, 42, os 
Autopsy estimates as to the frequency of islet cell tumors vary from one per 
1 0,000 to five m 4,010 consecutive necropsies.'^^ It is of interest to note, 
in passing, that an islet cell adenoma has been found in a mouse'*! and that 
malignant neoplasms, with metastases, have been described in dogs on two 
occasions.*’**’ ^ 

Islet cell adenomata are of interest because of the clinical hypoglycemia 
which often occurs. Campbell, Graham and Robinson!** state that in only 
20 pel cent of the cases of islet cell tumor does hypoglycemia exist. In 
the seiies of Whipple and Frantz,’’’* however, 31 tumors unassociated with 
clinical hypoglycemia were found at autopsy as opposed to 30 such tumors 
accompanied by hypoglycemia; and in Duff’s*** group of 90 case reports 
there were 64 hypoglycemic cases. The absence of thorough clinical records 
may well account for at least a portion of the number of cases of islet cell 
tumor reported with no mention of hypoglycemia. 

Undeniable islet cell carcinoma with involvement of neighboring struc- 
tures or metastases to distant organs is rare. A number of cases of islet cell 
tumors involving only the pancreas have been thought to be malignant on 
histologic examination.****’ !**- ’'’■>‘***’ !**’**'*' ■*”’’** Frantz-! lists 21 cases in her 
total of 91 islet cell neoplasms limited to the pancreas. These tumors have 
been variously labeled malignant, questionably malignant, adenocarcinoma 
Grade i, and of low grade malignancy, because, microscopically, they showed 
a number of the characteristics associated commonly with malignancy. Lack 
of capsulation, incomplete encapsulation, blood vessel invasion, and cellular 
anaplasia with frequent mitotic figures have been described in these tumors. 
However, the 15 patients in Frantz’s group of tumors of questionable or 
low-grade malignancy who survived surgery have shown no metastases or 
recurrences in follow-ups of from eight weeks to ten years, only four cases 
having follow-ups of less than a year. According to Duff,!** patient of 
I-Iowland, Campbell, Malthy, and Robinson,’'*** who was operated upon in 1929 
for a “malignant” islet cell tumor limited to the pancreas, was reported well 12 
years following surgery and 19 years after the onset of his symptoms of 
hypoglycemia. Frantz**! expressed doubt as to whether all of the tumors 
in this “locally malignant” group constitute real malignancies, although she 
admitted that metastases might occur at later dates. Duff,!** and Brun- 
schwig** concur in the belief that a histologic appearance of malignancy in 
cases of islet cell tumor is not a valid index of malignancy. This point 
deserves empliasis. The present authors feel that, as far as can be determined 
at present the only true criterion of malignancy in islet cell neoplasms is 
the presence of involvement of other organs by direct extent, on or by 
metastasis, the microscopic chai'acleristics of the tnmor t.ssne notwithstand- 
ing. Further reports of longer follow-ups m cjuest.onable cases are, of 

course, to be desired. 
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A careful search of the literature to date (December, 1942) has re- 
vealed only 21 cases of islet cell tumor with involvement of other organs, 
to which group we should like to report another. These cases, with the 
available pertinent data, are tabulated in Table I. Willis’*’- unusual case 
of widespread malignancy may possibly represent an instance of islet cell 
carcinoma. We are omitting the case reported by Berardinelli® because 
this is, in all probability, a malignancy of the common acinar type. Bal- 
linger’s^ report of a Avidespread malignancy in which the pancreas was not 
involved is not included in the tabulation because his surmise that the primary 
tumor arose from ectopic pancreatic tissue in the liver may not be valid. 

It is of interest to note that Fabozzi,^^ iiii describing his five cases of islet 
cell tumor, apparently did not realize that he was dealing with an unusual 
type of neoplasm, for the conclusion which he drew from his observations 
was that malignant tumors of the pancreas nearly always arise from the 
cells of the islands of Lanserhans. 

Case Report. — B. G., white, male, age 68, was admitted, September 10, 1942, to 
the Graduate Hospital on the Gastro-Intestinal Service of Dr. H. L. Bockus. His 
chief complaint was upper abdominal pain. He dated the onset of his illness to 21 
months ago, at which time he struck himself with a wrench and broke several ribs. 
After two weeks in bed he had no complaints until 19 months before admission when 
he experienced a severe, sharp pain in the left lower chest. This was accompanied by 
dyspnea, fever, and chills, but there was no cough or hemoptysis. A diagnosis of 
pleurisy was made. It was at tin's time that he first noted frequent cold sweats 
accompanied by marked weakness which would come on at about 6 a.m. Though never 
unconscious, on one occasion he could not speak. His wife would give him milk 
and bread and he would feel much better. Because of his pleurisy he was treated by 
bed rest for nine months, during which period he had marked swelling of both legs. 

The upper abdominal pain began about nine months prior to admission. It was 
dull and aching in character, not very well localized, and involved first the right side 
and then both sides of the upper abdomen, but for the most part was epigastric in 
location. Though the pain was worse when he was hungry, food or soda gave no 
noticeable relief, but belching seemed to alleviate the discomfort. The pain was aggra- 
vated by deep inspiration. He had lost about 30 pounds in weight during the year 
prior to hospitalization, and associated with this was loss of strength and energy. He 
complained of exertional dyspnea, but gave no history of vomiting, jaundice, clay- 
colored or tarry stools, or a change in bowel iiabit. Since their onset nine months 
previously, the episodes of morning weakness, relieved by food, have recurred frequently. 

Physical Examiuation. —This revealed a rather florid-faced, elderly white male who 
showed evidence of marked weight loss. He Avas in no acute distress and the sensorium 
was clear. The scalp, eyes, ears, and nose Avere essentially negative. There Avas 
partial edentia, and the tongue Avas rather red and shoAved very slight atrophj'' of the 
markings at the margins. The lungs AA^ere moderatel}’- emphysematous. The heart 
size AA'as Avithin normal limits, and the rate, rhythm, and sounds Avere normal. B. P. 
142/80. Examination of the abdomen revealed a large, hard, irregularly rounded, dome- 
shaped mass in the epigastrium. The mass Avas tender and moved very slight!}" Avith 
deep respiration. The liver edge AA"as palpable three centimeters beloAV the right costal 
border, and the area of splenic dullness AA'as enlarged. Rectal examination disclosed 
a moderately enlarged prostate, which was thought to be benign. Bilateral hydrocele Avas 
noted, and there Avas slight pitting edema of the right ankle. Neurologic examination 
Avas negative. 
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Onset of 

Author Year Age Sex Symptoms Hypoglycemia Site in Pancreas Size of Tumor Involvement of Other Organs 

Fabozzi** 1903 65 1 No clinical data No clinical data Head Orange-sized Gallbladder 

Fabozzi^® 1903 30 M. No clinical data No clinical data Head Not mentioned Liver, and hilum of spleen 
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Laboratory Do /a.— Erythrocytes, S-i millions ; hematocrit, 39; hemoglobin 13 grams 
(78%) ; leukocytes 6700. with 72% iieutrophiles, 7% monocytes, 1% basophiles, and 
20% lymphocytes: urinalysis was negative except for traces of albumin and occasional 
leukocytes; flocculation and complement fixation tests for syphilis were negative; serum 
bilirubin was less than 0.2 mg. per cent; prothrombin time by Quick’s method 13 
seconds (100%); serum phosphatase 5.2 and 4.4 Bodansky units; blood urea nitrogen 
17 mg. per cent; cholesterol -216 mg. per cent; fasting blood sugar 54 mg. per cent, 
serum albumin 3.S5 grams per cent; serum globulin 2.79 grams per cent. There was 
seven per cent d3'e retention 30 minutes after the intravenous injection of two milligrams 
of bromsulfalein per kilogram of body weight. The stools were repeatedly negative for 
occult blood and positive for bile. Gastric analysis revealed 48 units of free acid and 
74 units of total acid at the end of one hour. Roentgenologic study of the colon 
was negative and a barium progress meal disclosed only some displacement of the 
stomach to the left. 

The patient was placed on a smooth meat-free diet and given a maintenance dose 
of one and one-half grains of digitalis dail3^ At i :30 a.m. the third morning after 
admission, he began to moan and perspire profusel3', complaining also of weakness. He 
was unconscious b3' the time he was seen b3' a physician. A blood sugar was taken and 
25 cc. of 50 per cent glucose was administered intraveiiously, whereupon the patient 
“awoke” quickly, sat up in bed, and drank. ^some orange juice. The blood showed 
44 mg. per cent of sugar. 

At 5 :oo A.^r. the following morning a similar episode occurred. Six minims of 
adrenalin subcutaneously was without, effect, but 15 cc. of 50 per cent glucose revived 
him. The next morning the blood sugar at the time of another attack was 21 mg. 
per cent. That same day,, at 1 1 :oo a.t.i., he had another period of unconsciousness which 
was quickly controlled by intravenous glucose..- 

Because of the repeated attacks of hypoglycemi^a. he was placed on a high fat. 
high protein diet with a small midnight feeding. No further episodes of hypoglycemia 
occurred while he was on this regimen. 

After an eight-hour fast a gluqose tolerance test was performed, using 100 grams of 
glucose dissolved in water. ^ The /values obtained are shown below. At the beginning 
of the test the patient complained of weakness and was perspiring. Again at the 
end of five hours he began to perspire profusel3'^ and complained of weakness. The 
test was not carried out for the full six-hour period because between the fifth and sixth 
hours the patient became unconscious and had mild generalized convulsions, which 
promptly responded to intravenous glucose. 


Fasting — 34 mg. per cent of sugar 
34 hour — 73 mg. per cent of sugar 

1 hour — 104 mg. percent of sugar 

2 hours — 151 mg. per cent of sugar 

3 hours — 133 mg. per cent of sugar 

4 hours — 69 mg. per cent of sugar 

5 hours — 32 mg. per cent of sugar 
5 to 6 hours — 26 mg. per cent of sugar 


Operation. — September 23, 1942: A celiotomy was performed by Dr. \Valtei 
Estell Lee. The liver was found to be enlarged and studded with circumscribed whitish- 
gray masses which varied in size from that of a pea to that of a walnut. A large 
mass posterior to the peritoneum, and just inferior and adherent to the spleen, 
was palpated. The exact origin of the mass could not be definitely determined. A 
biops3'^ of one of the liver nodules was taken, and the abdomen closed. 

Pathologic E.ravtiuation.— Dr. Eugene A. Case. “The specimen received is a 
small biopsy of a tumor nodule in the liver. Ver3'’ little liver tissue is present, its 
place being taken by an epithelial tumor whose cells have a well-stained, rounded 
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nucleus witli scattered granules of chromatin and a considerable clear cytoulasm Sn 
of the cells are elongated and some rounded or polyhedral anrl n ^ ^ 

or procossos S„..e3.i,.p ^laoUplar oSi,: 

The fibrous stroma is rather loose in texture and fairly abundant Fror hp H 

in Jr D demonstrate the granules found in these cells. pJlw- 

logtc Diagnosis: Aletastatic carcinoma of islet cell origin." 

The patient’s postoperative course was rapidly downhill. Glucose intravenously 
cithei every four hours as a 50 per cent solution or continuously as a 10 per cent 
infusion was necessary to prevent severe hypoglycemia. He developed dyspnea and 
tachycardia and went into shock several times during the second postoperative day 
Iicing revived each lime by intravenous glucose. That evening he went into shock 
once more and expired a few moments later. Postmortem examination was performed 
by one of us (H. A. H.) 16 hours after death. 


Tumor Paiicre.is Adrenal 



Fjg. I. — The tumor iua<;s and .adjacent tissue has been cut in half and folded 
back. The distal half of the pancreas can be seen to be continuous with the tumor 
mass proper, and the hemisected left adrenal is visible in the fatty tissue between the 
halves of the tumor. 


Necropsy Findings.—Gross: Recent midline abdominal surgical wound; bilateral 
avascular pleural adhesions; healed calcified tuberculosis of the left lung; pulmonary 
congestion; coronary sclerosis; atherosclerosis of the aorta; retention cysts of the 
kidneys; possible benign nephrosclerosis; benign prostatic hyperplasia; bilateral hydro- 
celes ; bilateral cysts of the hydatids of Morgagni ; carcinoma of the tail of the pancreas ; 
and widespread metastatic carcinoma of the liver. 

When the abdomen was opened the stomach was found to be deviated to the left, 
and in the left upper quadrant was a large firm mass the size of a small grapefruit. 
The spleen was firmly adherent to the upper and anterior surfaces of the mass and 
the splenic flexure of the colon was adherent to it anteriorly and inferiorly. The 
omentum was adherent to the tumor mass anteriorly, and_ posteriorly the eft ^drena 
was attached to the mass by a thickness of soft fatty tissue. The left n > 
freely movable with respect to the tumor and adherent structures and was not involv d 
by tL neoplasm. Posteriorly, the pancreas was found to be directly continuous with 
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the tumor mass; theie was no line of cleavage between the mass proper and the distal 
portion of die pancreas. The head and the body of the pancreas were grossly normal ; 
the tumor involved the tail. 

The tumor mass was roughly rounded, but presented a number of nodular pro- 
jections. On the whole, it was firm and whitish, but several soft areas were noted 
which, on section, were found to contain a sticky, purplish material. The cut surface 
of the tumoi revealed aieas of focal hemorrhage and presented a fasciculated appear- 
ance. The mass (Fig. i) measured 8 x 8 x 6.5 cm., and the combined weight of the 
pancreas and tumor was 370 grams. 



Fig. 2 . — A photomicrograiih of the tumor tissue in one of the metastatic nodules 
in the liver. The tendency toward an acinar arrangement is pronounced, although a 
sheet-like formation of the cells can be seen at the left. The resemblance of the tumor 
cells to the cells of the islands of Langerhans is striking. Areas of focal hemorrhage 
are present. (x 150 — Hematoxylin and eosin stain) 

The liver was enlarged and 'veighed 2500 grams. The parenchyma was brownish 
in color and firm in consistency. The liver was riddled throughout with whitish, 
circumscribed nodules of varjdng size, from that of a pea to that of a lime. The 
largest of these masses was located in the right lobe and measured seven centimeters 
in diameter. On the section, the larger of the nodules were found to contain a sticky, 
bluish-red material, which was considered as evidence of degeneration. 

Both adrenals were entirely negative on section. The bowel was normal except 
for the area of the splenic flexure which was adherent to the tumor mass ; only the 
serosa was involved, and the bowel wall was intact. No lymphadenopathy was found. 

Microscopic . — The tumor tissue was found to be made up of sheets and nests of 
small polyhedral cells Avilh pale basophilic c3Toplasm. The cells A'aried somewhat in 
size and shape, and in some areas columnar cells were common. The nuclei were large 
and oval or round. The majority were vesicular, but many were pycnotic and hyper- 
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chromic. The nucleoli were prominent. Large multinucleated cells were occasionally 
seen. Mitotic figures were very few. In some areas the cells tended toward an acinar 
arrangement which was sometimes marked; in other places they were arranged in 
sheets or thin strands. The resemblance of the tumor cells to the cells of the islands 
of Langerhans was striking. The supporting stroma consisted of ill-defined and palely- 
staining collagenous material which was found in thin strands or, less frequently, in 
wide trabeculae. Many small blood vessels were seen, and focal hemorrhage and de- 
generation were noted. 

The pancreas itself was histologically normal. The islet cells were smaller than 
the cells composing the tumor. 

The metastatic nodules in the liver presented the same microscopic characteristics 
as did the parent tumor tissue (Figs. 2 and 3). The supportive stroma was more 
abundant in the hepatic lesions. 

The microscopic examination of the other organs was essentially negative. 

Attempts to demonstrate specific granules in the cells of the tumor tissue were 
inconclusive. Assaj'^ of the tumor tissue for insulin content was not performed. 
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T?,r ^ —A hicher-powered view of tlie blocked-in portion of the field shown m 
Fifrufe The vesicula? and liypcrchromie types of nuclei can he seen, and the nucle- 
oli are prominent, (x 620— Hematoxylin and eosin stain) ^ 

DISCUSSION , 

An analysis of the various features presented in the senes of cases o 
islet cell carcinoma tabulated in Table I is of both pathologic and clinical 

'"^Pathologically, the size of the pancreatic masses varied considerably. 
The smallest tumor measured i.8 x r.8 x 1.3 cm. ; Ae 

dimensions, measured 8 x 8 x 6.5 cm., although lesions the size of a fetal 

head and the size of a small grapefruit have been reported. 

P f!,- n. the site of the tumor in the pancreas is concerned, five of then 
So fei as the site the t J 

occurred in the head, six m the tan, two ju instances In 

The entire pancreas was involved m five instances 
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no case has the body of the pancreas alone been the site of an islet cell 
carcinoma. Adaximov and Bloom'll state that the islands of Langerhans are 
somewhat more numerous in the tail of the pancreas, and Dufif^® has pointed 
out that islet cell adenomata are found most frequently in the tail. In the 
series of islet cell malignancies, however, the head and the tail have been 
the site of the tumor in almost an equal number of instances. 

Grossly, the lesions were, as a rule, fairly well circumscribed, although 
in some cases surrounding adhesions and infiltration of neighboring organs 
have been described. The tumors were whitish or yellowish in color, and 
generally firm in consistency. Areas of focal hemorrhage and necrosis have 
been mentioned. Nodularity of the tumor mass was the rule. The metastatic 
lesions have presented much the same appearance grossly as did the primar}- 
pancreatic tumors. 

Alicroscopically, the appearance has been essentially identical in all 
cases. The tumor tissue was composed of small polyhedral or columnar cells 
arranged in places in sheets, clusters, or strands, and characteristically show- 
ing a decided tendency toward acinar formation. The resemblance of the 
tumor cells to the cells of the island of Langerhans has been remarked upon 
repeatedly. Some degree of variability in the size of the cells has been 
present. The cytoplasm of the tumor cells has taken either a pale basic or 
a pale acid stain, more commonly the former. A tendency toward infiltration 
of the adjacent pancreatic parenchyma and cellular anaplasia of various de- 
grees have been described. The nuclei of the cells have been vesicular or 
hyperchromatic. Alultinucleated cells have been described in two instances 
(Cases II and 22). Alitotic figures have, as a rule, been infrequently found. 
In four instances staining for specific granules has been successfully accom- 
plished (Cases 14, 15, 10 and 20). The supporting stroma has varied from 
delicate strands to wide bands of connective tissue. The metastatic lesions 
have shown, histologically, essentially the same characteristics as the parent 
tumor. 

Metastases were widespread and generalized in five cases. The liver was 
involved metastatically in 18 cases, and the regional nodes in ii. 

In three of the cases reported insulin assay of the tumor tissue has been 
successful (Cases 6, ii and 13). With respect to the benign islet cell 
adenomata, successful insulin assay has been reported in at least eight 
instances.'^''’ 

From the clinical point of view a number of interesting facts are to be 
gained from a survey of the cases of islet cell carcinoma reported : 

Of 19 cases in which the sex of the patient could be ascertained, 14 
occurred in males and five in females. 

The age of the youngest case reported was 18; that of the oldest 73- 
The average age of the patients was 47-8 years. Six cases occurred in 
persons 39 or under ; ten in the age-group of 40 to 60 ; and four in patients 
61 or over. 

Figures of the duration of survival after the onset of symptoms were 
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available in 14 of the 22 cases. The shortest period of survival was three 
and one-half weeks; the longest recorded was four and one-half years. Five 
jjatienls lived a year or more after their symptoms began; and six died in 
six, months 01 less, i he average duration of life once symptoms were noted 
was 1 1.9 months. 

In all of the 1 1 cases, where adequate clinical data was available, hypo- 
glycemia of marked degree was present and the progressive increase in the 
severity and the frequency of the hypoglycemic episodes constituted the 
principal clinical feature. In the three cases mentioned briefly by Duff,^^ 
the absence of hypoglycemia was remarked upon. In the hypoglycemic cases 
blood sugar levels in the low twenties have not been uncommon ; in one case 
a blood level of 16 mg. per cent was noted. According to Womack®-* “cancer 
of the islet cell type presents the most profound states of hypoglycemia that 
are encountered clinically.” The clinical and pathologic aspects of hypo- 
glycemia have been thoroughly reviewed by several authors.®®' ®-*> ®® 

Jaundice has been noted in only two instances (Cases i and 2). These 
cases were among the group of 12 tumors which involved the head, five of 
which were limited to the head alone. Berk,® in his review of pancreatic 
carcinoma of the common acinar type, found jaundice in 81.3 per cent of 
the malignancies involving the head of the pancreas. 

In two of the ii cases, where adequate clinical data was obtained, there 
was a history of diabetes mellitus prior to the onset of the symptoms of 
hyperinsulini.sm (Cases 10 and ii). One of the five cases reported by 
liarris-® in his original article had had glycosuria, and Herxheimer,-® Hei- 
berg,-" and Smith and Seibel,’’* have repoi'ted islet cell adenomata in diabetics. 
It is of interest to note, in passing, that Berk,® in his review of the acinar 
variety of pancreatic malignanc}^ found that 6.9 per cent of the patients in 
this group had antecedent diabetes, Avhereas the incidence of diabetes mellitus 
in the cancer group, at large, he placed at one to two per cent. 


SUABrARY 


1. The literature on the subject of carcinoma of the islet cells of the 
pancreas has been reviewed. 

2. It has been pointed out that, at present, the only valid criterion of 
malignancy in cases of islet cell tumor is the presence of metastases or 
invasion of neighboring organs, the histologic characteristics of the tumor 

notwithstanding. . r ,.1 .... 

3 Twenty-one cases of islet cell carcinoma with involvement of other 

structures have been culled from the literature and an additional case added. 

An analysis of these cases has been presented. 


We are indebted to Drs. Eugene A. Case, Henry L. Bockus, and Walter Estell Lee 
for permission to publish the case presented and for their kind assistance in tie prepara- 
tion of this paper. 
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CHOLESTEROSIS OE THE GALLBLADDER* 

OBSERVATIONS ON TWENTY-FIVE CASES AVITHOUT STONES 

Kenneth M. Lewis, M.D., and Charles W. Peterson, M.D. 

Nkw York, N. Y. 

FROM TItn rOURTIt SURGICAI. DIVISION. IiniXCVUr: IIOSPITAI,. NEW YORK, N. Y. 

During the past 12 years, 455 patients suffering from gallbladder 
disease have been operated upon on the Fourth Surgical Division at Bellevue 
Hospital. The cases have been studied preoperatively and followed post- 
operatively in a special Gallbladder Clinic. It is felt that a clinic of this 
type affords greater opportunity for more careful study and follow-up of 
these patients. In this group there were a certain number of patients whose 
clinical and laborator}^ data ivere not entirely conclusive, and where opera- 
tion was undertaken with some indecision as to the operative findings. 
1 hese latter patients frequentl}'' were found to be suffering from cholesterosis 
of the gallbladder, but preoperative recognition of the condition was often 
most difficult. 

Cholesterosis of the gallbladder may be defined as a metabolic and not 
an inflammatory disease in which the mucosa of the gallbladder contains de- 
posits of cholesterol and other lipoid material. In the advanced stages of 
the disease cholesterol calculi may be present in the lumen of the gallbladder. 
Virchow,^ in 1887, first noted lipoid deposits in the gallbladder, and Moyni- 
haii," in 1919, in noting yellow stippling of the gallbladder mucosa, first 
brought cholesterosis of the gallbladder into surgical prominence by describing 
it as a “condition of the gallbladder requiring cholecystectomy.” MacCarty,® 
in 1910, in describing the advanced stage of the disease originated the term 
“strawberry gallbladder,” and since that time numerous authors have re- 
ported both on the clinical and research aspects of the condition. Whether 
the cholesterol enters the gallbladder wall from the bile (absorption), as 
suggested by the experiments of Illingsworth,^ and of Rousselot and Bauman,^ 
or from the blood (excretion), as claimed by Naunyn,® and Elman and 
Graham,^ seems, clinically, to be of little consequence. The entire subject 
has been brought carefully up to date in the splendid analysis by Mackey,® 

in 1937- , , , 

It is the purpose of this communication to report 25 cases of cholesterosis 
without stones, in which the diagnosis of a diseased gallbladder at the 
operating table was frequently most difficult, and to suggest an added aid 
in diagnosis, namely, biliary drainage, which, so far, has not been reported 
in the literature as a diagnostic method in the recognition of this disease 
Of the 455 patients with proven gallbladder disease operated upon, 40 ha 
cholesterosis of the gall bladder confirmed by pathologic examination. Of 

* Read before The New York Surgical Society, November 25, 1942. 
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these 40 cases, 15 had calculi and these cases are excluded, as diagnosis at 
the operating table of gallbladder disease was self-evident iw the palpation 
of calculi within the gallbladder. 

In the remaining 25 cases calculi were not present, the pathology ranged 
from a few cholesterol plaques to a well-defined strawberry gallbladder, 
and diagnosis of a pathologic viscus at the time of operation by palpation 
and inspection of the gallbladder was extremely difficult. It is in this group 
that any preoperative aid in diagnosis seemed most desirable. 

Of the 25 patients 20 were women and five were men, showing the 
large predominance of the female over the male in this condition. Eighteen 
of the patients were markedly obese, which would fit in well with the metabolic 
character of the disease. Twenty-one of the patients had complaints of 
indigestion, notably, flatulence, belching, epigastric distress after meals, nausea 
and vomiting, but the degree and number of the digestive complaints varied 
considerabl}’. Three of the patients who had no symptoms of indigestion 
complained only of attacks of right upper quadrant colicky pain. The fourth 
patient who had no digestive complaints noted persistent dull aching pains 
in the gallbladder region but had no attacks of colic. Operation in this 
particular patient was postponed for almost two years, as the diagnosis of 
gallbladder disease did not seem certain enough to warrant surgery. 

Of the 21 patients who complained of one or more of the symptoms of 
indigestion, 15 noted that fatty foods aggravated their symptoms, while in 
the remaining six, the digestive disturbances were increased by the ingestion 
of all types of food. 

Table I 

PREOPERATIVE SYMPTOMS — SEX — AND PHYSICAL STATUS 

Pain 

No. of Cases Sex Obese Not Obese Indigestion Colic Dull Aching 

25 20 Females 18 7 21 19 6 

5 Males 

Pain was a constant factor in all of the cases, and, in analysing the group, 
it was surprising to note how many of the patients complained of recurrent 
attacks of colicky pain in the right upper quadrant of the abdomen radiating 
to the right scapula or right shoulder. Eighteen patients complained of 
frequent attacks of this type of colicky pain, one patient noted it only in- 
frequently, and six patients complained only of a dull aching pain, with 
no attacks of colic. Dr. John H. Morris® in a paper read before The New 
York Surgical Society, in May, 1934, reported on 14 cholesterosis patients, 
and found that attacks of biliary colic were present in 13 of the 14 cases. 

Tenderness in the gallbladder region was noted in all of the patients at 
one or more examinations. This seemed to be a constant finding, although 
it was not always present at every examination. It was always noted when 
the patient was seen in an attack of colicky pain. 

Blood cholesterol estimations were obtained preoperatively, and two to 
three months postoperatively, on 16 of the 25 patients. The preoperative 
blood cholesterol figures i*anged from 125 to 235 mg. per cent, and showed 
such a wide divergence that no conclusions could be drawn therefrom 

o 
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( iabic II). Postopwfitlvely, the blood cholesterol ranged from 12., to ,80 
mg. per cent, showing a definite drop in only three of the patients It 
nould tints seem as though blood cholesterol estimations were of little diae- 
nostic aid, and this would conform to the findings of previous ohseri'ers 


175-200 mg. 
per cent 
2 
5 


200-235 mg. 
per cent 


Table II 

BLOOD CHOLESTEROL ESTIMATIONS 
No. of 125-150 mg. 150-175 mg. 

. Cases per cent per cent 

Freoperattvc 16 7 4 

Postoperative 16 g ^ 

Cholecystographic roentgenologic studies in this series were very incon- 
clusive. Fifteen of the patients showed diminished visualization with delayed 
emptying, five showed normal visualization with good emptying, and only 
five showed no visualization with the dye. Thus, in 20 of the patients 
cholecystograms were not conclusive as a diagnostic procedure. It is always 
difficult to evaluate a diminished or faint visualization, or to properly cor- 
relate delayed emptying by the gallbladder shadow. 

It has been our custom to, preoperatively, do a biliary diagnostic drain- 
age on all patients with suspected disease of the gallbladder. If a satisfactory 
drainage is not obtained at the first attempt, the drainage is repeated on 
one or more occasions until adequate samples of bile are secured. These 
sami)les are then allowed to stand in the icebox for from 24 to 48 bours, 
permitting any solid material in tbe bile to settle out. Microscopic examina- 
tion of any sediment drawn up with a pipette is then made. 

In studying the above patients with cholesterosis of the gallbadder one 
very frequent finding has been noted. In 19 of the 25 cases cholesterol 
crystals in the “B" drainage bile has been found in readily recognizable 
amounts. Concentrated dark green “B” bile was obtained in all of the 
patients, but calcium bilirubinate pigment was found in only three instances. 
It is extremely important that concentrated “B” bile be obtained. This is 
the bile contained in the gallbladder, and it is in this specimen that a 
search for cholesterol crystals should be made. Examination of samples of 
)'ellou' bile obtained from tbe common bile duct may not show the crystals. 
If a specimen of “B” bile is not obtained at any one drainage, the drainage 
sliould be repeated at a subsequent time. It would thus seem to be sug- 
o-estive that with cholesterol crystals seen in the drainage bile, and with in- 
conclusive cholecystographic findings, a diagnosis of cholesterosis of the 
gallbladder might justifiably be entertained. 

Table III 

biliary drainage data 

Casef Cholesterol Crystals 11 Calcium Bilirubinate “B” Bile 

25 19 ^ . 

One of the greatest difficulties in this disease has been the recognition 
of any real pathology of the gallbladder at the operating table Tins of course 
applies to those cases without calculi. The gallbladder wa 1 ts th.n tra, s- 
hwent, and not thickened. The serosa of the vtscus has .ts normal si eem 
and usually no adhesions to neighboring v.scera are found. Palpation 
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gallbladder reveals little. It empties readily, is usually not enlarged or 
contracted, and thickening of the wall cannot be felt. The bluish sheen 
that has been described by some observers has not proved reliable in the 
hands of the authors. In other words, the patient has been operated upon 
with a preoperative diagnosis of gallbladder disease, and at the operating 
room table an apparently normal gallbladder is found. Nothing can be 



A B 

Fig. I.— a. and B.: Cholesterosis of the Gallbladder. Note the distended, foamy cells, 
containing lipoid in the villi of the mucous membrane. These are seen as the pale areas 
in the stroma, (Paraffin section: Hematoxylin-eosin — (A) Low power and (B) high power). 

more disturbing than to decide whether to remove an apparently normal 
viscus or to leave it in. Two identical instances as described above were 
encountered recently. Because cholesterol crystals had been found in the 
preoperative drainage bile, it was decided to perform a cholecystectomy in 
both patients, even though the gallbladder, from the serosal surface, seemed 
normal. Both gallbladders, after removal, showed numerous early cholesterol 
and lipoid deposits in the mucosa. These could be recognized grossly and 
were subsequently confirmed by pathologic examination. 

In another instance, where, unfortunately, a preoperative biliary drainage 
had not been done, and where the gallbladder appeared grossly normal, it 
was assumed that the symptoms must be due to some other organ, and the 
gallbladder was not removed. Five days postoperatively the patient had a 
typical attack of biliary colic. Two months later a cholecystectomy was per- 
formed and a typical early cholesterosis of the gallbladder was found. 

Our routine surgical procedure has been cholecystectomy, and this was 
performed on all of the 25 patients here reported. There was no mortality 
in this group, all of the patients making a satisfactory operative recovery. 

We were able to follow 20 of the patients in this series. Two of these 
have been followed from one to two years, three from two to three years, 
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thiee fiom three to four years, and the remaining twelve from five to ten 
yeais. Ihe end-results of cholecystectomy have been extremely gratifying 
Of the 20 patients followed, 14 considered themselves completely cured o^f 
their previous complaints. They were able to eat all types of food with im- 
pnnily and their attacks of pain disappeared. Four patients remained symp- 
tom-free as long as they stayed on a low fat diet, but otherwise had recur- 
rence of their symptoms of indigestion. Two patients noted no improve- 
ment m dieir symptoms, and were unrelieved by the cholecystectomy. 

It might be noted that we endeavor to keep these patients on a rigid 
fat-free diet for a period of six months to one year following operation. The 
diet is then gradually returned to a normal fat intake over a period of two 
to three months. The patients, if very obese, are also followed in the Obesity 
Clinic, where attempt is made to bring their weight somewhere near normal. 

Whether rigid dielar}' control for some time following the cholecj^stectomy 
has played a part in relieving these patients of tlieir symptoms, cannot, of 
course, be stated with certainty. In some of the patients who were observed 
for a number of months preoperatively, however, dietary restriction of fatty 
foods was insisted upon, but symptoms were never completely relieved by 
this alone. 

Table IV 

i:ND-Rt:SULTS VETER CHOLECYSTCCTO.MV IN 20 CASES OR CHOLESTEROSIS, WITHOUT STONES 

No. of Improved (Symptom-Free on 

Cases Cured a Low Fat Diet) Unimproved 

20 14 4 2 

In reviewing the literature, one noted immediately the varying results 
obtained by different observers in cholesterosis gallbladder patients treated 
by cholecystectomy. Moynihair considered his six patients completely cured. 
Illingsworth’^ states that "treatment by cholecystectomy is the most rational 
procedure and appears to yield satisfactory results.” Judd and Mentzer,^® 
commenting on i,ooo patients and cholesterosis treated by cholecystectomy 
at the Mayo Clinic, felt that good results only were obtained if pain had been 
an outstanding symptom. Young, in 1928, reported 45 patients with straw- 
berry gallbladders, and felt that cholecystectomy gave the most marked relief. 
Kopp^- in 1929 noted that seven out of eleven cases of cholesterosis without 
stones were completely relieved of their symptoms b)^ cholecystectoni}-. 
Morris" reported seven cures out of the nine patients he was able to follow. 
Mackey,® however, in a series of 33 cholesterosis cases, without stones, found 
only 14' cured and two improved by cholecystectomy. White and Riddick^" 
felt that cholesterosis was only a part of a general metabolic dysfunction and 
that cholecystectomy could not, therefore, promise relief. Stanton,^ in 
1932, had four out of six cases of cholesterosis, without stones, that were 

not benefitted by cholecystectomy. _ ,. . . , ,, 

It can thus be seen that there is no uniformity of opinion as to the 

benefits of cholecystectomy in this disease, and it is extremely d.fficu t to 
rationalize the divergent results obtained by so many careful and dependable 

“’’"irTour feeling, however, based upon our results with the group of 
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cases reported herein, that cholecystectomy offers relief to most of the patients 
with cholesterosis of the gallbladder, and this has been noted in a number 
of cases who have been studied and followed for a long period of time. 

In contemplating surgery in this condition it should be remembered that 
the disease itself never causes death. Cholecystectomy, on the other hand, 
is accompanied by a certain risk if the number of patients operated upon 
is large enough. Each patient should, therefore, be carefully observed and 
cholecystectomy should be reserved for those cases in whom the symptoms 
are so severe as to warrant surgical intervention. It is probable that a cer- 
tain number of patients with this disease never progress to calculus forma- 
tion. In our series, 15 out of 40 cases did have calculi. It is our im- 
pression that the number of cholelithiasis patients with accompanying choles- 
terosis of the gallbladder wall is probably greater than has previously been 
thought. Pathologic sections should be taken from different areas of all re- 
moved gallbladders, as there may be areas of cholesterosis and chronic chole- 
cystitis in the same gallbladder. This has been noted several times in our 
series. 

SUMMARY 

1. Twenty-five cases of cholesterosis of the gallbladder without stones, 
treated by cholecystectomy, are reported. Twenty of these patients were 
followed, postoperatively, for from one to ten years. 

2. Pain was a predominant symptom in this group, and 19 of the patients 
complained of recurrent attacks of typical biliary colic in the upper abdomen. 

3. Cholecystograms were inconclusive, only five of the cases showing non- 
visualization of the gallbladder. 

4. Preoperative diagnostic biliary drainage revealed cholesterol crystals 
in the bile in 19 of the cases. This procedure is urged as a diagnostic aid 
in this disease, where frequently the signs, symptoms and roentgenologic 
findings may be so indefinite. 

5. In our series cholecystectomy gave satisfactory results. Of the 20 

patients whom we were able to follow, 14 were relieved of all symptoms, 
four were relieved as long as they stayed on a low fat diet, while two patients 
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^ Virchow, R. : Virchow’s Arch., 2, 574, 1857. 

- Moynihan, B. G. A.; Annals of Surgery, 50, 1265, 1909. 

^ MacCarty, W. C. : Annals of Surgery, 51, 651, 1910. 

* Illingsworth, C. F. W. : Brit. Jour. Surg., 17, 203, 1929. 

^ Rousselot, L. M., and Bauman, L. : Surg. Gynec. & Obst., 61, 585, 1934. 

^ Naunyn, B. : Die Entstchung u. d. Aufbau. d. Gallensteine, 1923, Jena. 

~ Elman, R., and Graham, E. A. : Arch, of Surg., 24, 14, 1932. 

® Mackey, W. A. : Brit. Jour. Surg., 24, 570, I937- 

Morris, J. H.: Paper read before the New York Surgical Society, May. 1934. 

Judd, E. S., and Mentzer, S. H. : Collected Papers of the Mayo Clinic, 19, 310, 1927. 

Young, E. L. : New Eng. Jour. Med.-, 198, 729, 1928. 

Kopp, J. G. : Arch. f. Klin. Chir., 151, 411, 1928. 

White, C. S., and Riddick, A. L. : Southern Med. Jour., 21, S57, 1928. 

11 Stanton. E. : Am. Jour. Surg., 18, N.S., 246, 1932. 

1= Boyd, W.: Brit. Jour. Surg., 10, 337, 1922-3. 

455 



LATE INVASION OF BLADDER AND PROSTATE 
IN CANCER OF THE RECTUM OR RECTOSIGMOID 
FOLLOWING ABDOMINO-PERINEAL RESECTION* 

Gordon D. Oppbniieimer, M.D 

Nkw YoitJC, N. Y. 

I'ltOM Till! UttOI owe AND SURGICAI, SKRVICES OF THE MT. SINAI HOSPITAL, NEW YORK, N. Y, 

liiis STUDY was undertaken after a successful palliative urologic pro- 
cedure had been j^erformed upon a patient with recurrence of the tumor 
in the prostrate and bladder neck seven years after an abdomino-perineal 
resection for cancer of the rectum. Eight additional instances of late 
j^ostojDerative lower urinary tract recurrence were found in the recent 
hospital records and form the basis of this report. Two of these nine 
cases were operated upon at other institutions. Three were ward cases 
and four were private patients operated upon by three different surgeons. 

Until recently this t3'pe of case Avas not seen by our Urologic Service. 
Apparently, when vesical neck obstruction and hematuria became prominent 
symptoms, the patient was considered hopeless and referred for chronic 
institutional care. However, with improvement in the mortality rates of 
radical extirpation of the rectum, and with the increase in the total number 
of operations performed, more patients are living following the procedure, 
resulting in a greater interest and attention directed to the postoperative 
complications and sequelae.^ Postoperative difficulties in micturition due 
to disturbed neurogenic vesical control and other factors have been noted 
and studied by many workers. We, as have others, have obtained satisfac- 
toiy results in relieving bladder stasis by transurethral resection of minimal 
vesical neck obstruction in this type of vesical detrusor weakness. There 
have been several such cases in the last three years. True prostatic 
fibro-adenomatous obstruction has not infrequently become symptomatic after 
abdomino-perineal resection and has been cured similarly by transurethral 
resection. It is because of these good results that cases with urinary symp- 
toms have been referred to the urologic surgeon, thus affording us the op- 
portunity of seeing patients who had late neoplastic infiltration of the bladder 
and prostate. 

' Because of the close anatomic relationship between rectum or lower 
sigmoid colon and the lower urinary tract, direct involvement of the latter 
by the lower bowel cancer theoretically should occur with some fre- 
quency. In an “acute hospital” such as Mt. Sinai we do not see many 
cases presenting the terminal stages of cancer of the rectum. Through 
the courtesy of Dr. D. Marine, Chief of the Laboratory Division of the 
Montefiore Hospital, New York City, I reviewed 50 consecutive recent 

* Read before the New York Surgical Society, January 27, 1943- 
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autopsy protocols from that hospital in which cancer of the rectum was 
one of the diagnoses. Ten of these patients (six females and four males) 
had an abdomino-perineal or a posterior resection. Of the males, one patient 
had involvement of bladder, prostate and seminal vesicles, and in another, 
prostate and seminal vesicles were infiltrated. Four of the six females had 
bladder involvement. The forty other patients had either no operation or 
palliative colostomy. Some had received radiotherapy without apparent effect. 
Thirteen were females and four of these had bladder involvement. Twentv- 
seven in this “nonextirpative” group were males. Fourteen of these, or a 
little over 50 per cent, had invasion by the growth of bladder, or prostate 
or seminal vesicles either separately or together. Twelve of the 14 had 
bladder involvement. Briefly, of 50 autopsied patients who were cared 
for in the last stages of their disease (20 per cent had a rectal resection) 
there was invasion of the bladder in 21 cases. Three patients in the 
unoperated group had rectovesical fistulae. and one a rectovaginal fistula. 
The end-picture of the cases with bladder involvement was essentially 
the same whether the rectum had been extirpated or not. namely the 
picture of a “frozen” pelvis. Bladder, prostate and seminal vesicle 
involvement in the male, and bladder and uterine involvement in the female, 
apparently takes place by direct extension. 

Although well known, and previously reported,- the fact that these 
patients very frequently died from upper urinary tract complications, was 
forcibly brought to my attention by the study of these necropsies. Six of 
the ten cases with rectal extirpation, and 16 of the remaining 40 inoperable 
cases, making a total of 22 cases out of the 50, or 44 per cent, showed 
evidences of compression of one or both ureters in the pelvis with or without 
direct invasion. Most times direct! invasion was not present. Several 
other patients had true ureteral metastases. As a result of the ureteral 
compression, dilatation of the ureter, renal pelvis and calices was present, 
often with infection, and evidence of pyelonephritis, and sometimes with 
multiple renal abscesses, and even perinephric suppuration. Upper urinary 
tract infection was either a direct or contributing cause of death in a con- 
siderable proportion of these cases. In fact, it seemed that the mortalit}- 
from ureteral blockage, with renal damage and infection, would have been 
even greater except that some of these patients died as result of compli- 
cations associated with their metastases or, rarely, from localized infection 
associated directly with the primar}'^ lesion. Incidentally, 33 of the 50 cases 
(61 per cent) had metastases; these were usually multiple. 

In general, my findings are similar to those of Kickham and Bruce,- who, 
reporting from a hospital devoted entirely to the care of cancer patients, 
analyzed a postmortem group of 88 cases of cancer of the rectum, clin- 
ically inoperable, in whom no extirpative surgery was performed. Seventy 
per cent of these cases were males, and in 31.5 per cent of the males, some 
cancerous invasion of the prostate could be demonstrated. Forty per cent 
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of the entire group showed vesical involvement. Rectovesical fistulae were 
noted 111 two cases. Forty-seven point seven per cent of the 88 cases 
showed occlusion of one or both ureters by actual compression or direct 
invasion, with resulting hydronephrosis, pyelonephritis and advanced renal 
damage. Incidentally, renal metastases were found in two of their patients. 

Metastasis to the lower urinary tract as one of multiple metastases theo- 
retically may occur. Solitary metastasis to the bladder must be very rare, 
but if present in an accessible location may be successfully treated by surgical 
means. As judged by the postmortem findings mentioned above, all the 
evidence indicates that residual cancer with subsequent contiguous direct 
extension accounts for the late malignant involvement of the bladder, pros- 
tate, or seminal vesicles under consideration. One might state that the 
more advanced the primary rectal tumor is in its local growth, the greater 
is the likelihood that the patient will have secondary invasion of the 
bladder or prostate following the extirpation. 

The following report is probably typical of many of the cases who are 
operated upon for a locally advanced lesion. 


ILLUSTHATIVE CASE REPORTS 

Case I.— Hospital No. 447541 J. Z., a 49-year-old male, entered the Ht. Sinai 
Hospital, February 27, 1939, and was discharged, April 12, 1939. He had suffered from 
bilateral apical pulmonary tuberculosis 25 years before. He complained of blood in 
the stool for one j'car, with increasing frequency of defecation, rectal tenesmus and 
loss of weight. The report of the biopsy specimen taken from a fungating cauliflower 
rectal mass was infiltrating adenocarcinoma. On klarch 6, 1939, a one-stage abdomino- 
perineal resection was performed. No intra-abdominal metastases were found but there 
was considerable fixation to the prostate. The specimen showed a circumscribed tumor, 
about 3.5 cm. in diameter and about 3 cm. above the anal margin, which grossly in- 
filtrated all coals of the rectum and invaded the perirectal fat. The pathologic report 
was “ulcerative infiltrating adenocarcinoma of rectum. Invasion of perirectal tissue. 
No involved lymph nodes were found.” The patient was well for three months, gained 
weight, but then began to complain of dysuria, frequency, and back pain. Roentgeno- 
grams of the dorsolumbar spine were negative for metastases. Six months after opera- 
tion he complained of the same symptoms, with an episode of hematuria. A short course 
of radiotherapy was given, but perineal, back and bladder pain with frequency and 
nocturia continued. Because of a stricture at the site of colostomy, the colostomy was 
revised He finally was admitted to the Montefiore Hospital, December 28, 1939, 
died, March 29, 1940, about one year after the original operation. The postmortem find- 
ings were as follows : 

/hdo/.sv -Local recurrence of carcinoma of the rectum, with invasion of pelvic 
tissues pubic bones, bladder, prostate and seminal vesicles and with metastases to the 
iver ureters, vertebrae, regional and celiac lymph nodes Bilateral ureteropyone- 
m with suonurative pyelonephritis. Chronic fibroid pulmonary tuberculosis, with 
civitation. Bilateral bronchopneumonia. Bronchiectasis upper lobes. Chrome cystitis, 

with incrustations. 

rftl'iTprLtate and bladder and in the perirectal lympiiat.cs and fat. Local 
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recurrence and involvement of the lower urinary tract became apparent. 
No surgical or urologic therapy could have been of any value. He died with 
metastases, urosepsis, and terminal bronchopneumonia. 

Contrasted with this is the unusual case mentioned in the introduction 
of this paper. 



Fig I — Cjstograni Small diverticulated bladder on right side of pelvis. Bladder 

elevated abo\c pubis No’-iiial lower end of meters visualized b> e\cietoiy urogram 


Case 2. — Hospital No. 477773 : H. A., a 66-year-old man, was admitted to the Alt 
Sinai Hospital, August i6, 1941, and discharged, August 26, 1941. Seven years 
previously, August 17, 1934, a one-stage combined abdomino-perineal resection had 
been performed. (Dr. D. Jones, Palmer Alemorial Hospital, Boston, Alass ) The 
growth was annular, started about 12 cm. above the anus and was 2.5 cm. wide. It 
was situated above the peiitoneum, which covered a very deep rectovesical pouch. The 
neoplasm penetrated the entire wall of the bowel and had grown through the peritoneum 
on the anterior surface. There were nodules on the adjacent peritoneum, and the 
tumor had apparently extended through to involve the seminal vesicles. There were 
no liver metastases. At the second part of the operation, when the ischiorectal fat, 
sphincter, rectum and growth were removed from below, the surgeon commented on the 
technical difficulty because of the seminal vesicle involvement. The seminal vesicles 
were removed with the tumor and the bowel The pathologic leport was “malignant 
adenoma, with metastases to one lymph node.” Giossly, the seminal vesicles were in- 
filtrated by tumor tissue. The prognosis was considered poor. The patient was given 
radiotherapy by Dr. J. R. Freid, of this city. Two years after operation, a hard, 
fixed mass developed in the right lower quadrant of the abdomen but disappeared 
after intensive radiotherap3^* He was well until eight months before admission to this 

* Details of Radiotheiapy (Di. J. R. Freid)- From 1/18/35 to 2 / 1 / 35 , and from 5/16/35 to 
<5/7/35, eleven small X lay tieatiiieiits, totaling 1800 r. higli voltage to perineal sinus 7/19/37 to 
S/eo/37, tieated ovei 15x14 cm, anterior and posterior right lower pelvic portals, each of these areas 
leceiv’ing 3000 1, Factois v\-eie aoo K V , Thoieus filter (equal to 2 nun, Cu,) 80 cm, T.S.D, 
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institution, when he suffered from ar. i n • • 

burning on urination. Examination reveaTed'VSr'st’f and 

satisfactory perineal scar, and systolic cardiac murmnre I ^ ^ umbilicus, a 

Phe residual urine was six ounces Th • • ^ aortic and mitral areas. 

nitrogen was lo mg. per 'loo cc. 'ah excTeto urea 

Ijoth sides, without dilatation of ’the pelves cal2es'’Z^ureters°''Tl 

ized to tlie bladder. The cystogram f Fitr , \ ; r .1 , ^ 

cjstogram (hig. 1) indicated a diverticulated bladder, which 



Fig. 2.— Photomicrograph of traiisurethr.ally resected tissue showing infiltrating 
adcnocarcinoni.T simil.nr to original rectal carcinoma. 


appeared to be fixed to the right side of the pelvis. A preliminary bilateral vas tran- 
section was performed. On August 8, 1941, under low spinal anesthesia, a cystoscopy 
and transurethral resection were performed. The bladder was trabeculated. There 
was intra-urethral lateral lobe encroachment both in the midline and superiorly. The 
inferior vesical sphincter was elevated. On the left side some of the resected tissue 
was spongy and different from the right side. Fifteen grams of tissue were removed. 
The patient was discharged five days later, voiding well, without residual. The patho- 
logic report (Dr. P. Klemperer) was adenocarcinoma infiltrating the prostate (Fig. 2). 
A comparison with a slide of the original specimen led Dr. Klemperer to state that 
they were quite identical Iiistologically, and that the cancer in the transurethrall) 
resected tissue was definitely secondary to direct extension from residual rectal 
nrowth. He received further very intensive high voltage radiotherapy,* and was well 
up to November, 1942 (15 months), except for a short episode of urinary frequency 
and burning, with pyuria, which promptly responded to sulfadiazine therapy. There 

was no residual urine. 


n/^. treated over "five fields: right and left pubic right and left gluteal, 

„„d pCri’p—. =50. ,0 of th... .r„.. 0.h„ I....™ .-,0 K.V. 

filtration 0.5 mm. Cu. plus 3 mm. Al., 80 cm. T.t). . 
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On November 16, 1942 (eight years and three months after abdomino-perineal 
resection) the patient was readmitted to the Mt. Sinai Hospital because of recurrent 
urinary frequency, dysuria, urgency, and pyuria. A large vesical calculus was seen roent- 
genologically (Fig. 3). The excretory urogram, again, indicated a normal upper 
urinary tract, and, again, the bladder (Fig. 4) was situated on the right side of the 
pelvis but showed no prostatic intrusion. Under spinal anesthesia, the stone was 
crushed and evacuated. The vesical outlet and prostatic urethra presented only a very 
small amount of intruding tissue — from this area three grams of tissue were removed 
with the McCarthy resectoscope, for biopsy. Much to my surprise, none of this tissue 
showed any evidence of cancerous infiltration. The serum “acid” phosphatase was 
four King-Armstrong units. The patient was discharged several days later, and has 
been well since. 



Pio. 3.“ — Large vesical calculus. Two smaller shadovs are outside of bladdei. 


Comment : Histologically, the original rectal tumor and the infiltrating 
neoplasm afifecting the prostrate were similar. Biologically, however, this 
tumor is unusual because it is very slow growing and evidently radiosensi- 
tive. The result obtained justifies our frequent attempts to undertake radical 
surgery even though the local lesion is fixed to surrounding structures and 
also justifies later palliative therapeutic efforts. 

Case 3. — Hospital No. 484107; B. W., a 49-year-old physician, had three admis- 
sions to the Mt. Sinai Hospital, the first in May, 1941. His past urologic history was 
that of right renal colic in 1911, and, in 1917, colic with the spontaneous passage of 
a stone. Four years before admission, a one-stage abdomino-perineal resection with 
a left iliac colostomy had been performed at another institution for a cancer of the 
rectosigmoid. He had been well until shortly before admission, when frequency, 
dysuria, loin pain, and painless hematuria developed. C3'stoscopy showed a solid spher- 
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ical-sliapecl neoplasm about the siVe of n ^ 1943 

r!gl.t ureter orifiec and cutending towards IhoTeirilterarwan® Tte a',''!' 

Of the biopsy was ‘‘fragments of adenocarcinoma” On Afav 20 ^to 

celiotomy was performed (Dr. A Hvman) Tim -f ^ exploratory 

The liver and pelvic region showed n^; ^ was fiee of metastases. 

mobilized and opened in the midline. A flaVnecroUc growth "" 7 ’ 

was found in the bladder, overlying the right ureter orifiTl 7 ^ 

the sphincter. The base of the bladder%S inrrated^^ 

the introduction of 12 platinum radon seeds of 0.75 millicuries eaclJprced'cSarN 
around he peripliery and center of the growth. Suprapubic Malecot catheterTa ina^e 
was established. One month later, the tumor was fulgurated transurethrally. ?he "f 



Fig. 4. — Cjstogmni Bl.addcr on right side of pehis, but no piostatic intrusion 

effects seen 


pubic wound healed, but a few months later, cystoscopy revealed viable tumor tissue 
at the site of the original vesical tumor. The tumor was thoroughly fulgurated and 
six additional radon seeds were introduced transcystoscopically. Two months later, 
the patient again had urinary frequency, urgency and hematuria, with infected urine, 
and five ounces of residual urine. Recurrent tumor was seen, and also median prostatic 
lobe hypertrophy. The tumor was fulgurated and transurethral resection of the pros- 
tate was performed, January 7, 1942- The clinical course was propessively downhill. 
He died in March, 1942, five years after the original abdomino-perineal resection, and 
ten months after discovery of the bladder tumor. There was no necropsy. 


Comment: The findings at explorator}^ celiotomy might indicate that the 
bladder lesion was a solitary local recurrence or metastasis. TJiis, of course, 
would be most unusual. The surgeon had proposed total cystectomy, with 
ureteral implantation into the skin, but the patient had refused. 

Case 4.-Hospital No. 461544 : L. S., was a 33 year-old man, with symptoms of 
rectal bleeding, weight loss, and sense of mass in rectum, for at least four months. 
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A typical abdoniino-perineal resection was performed, August i6, 1939, for a low 
rectal tumor. The rectum was very adherent to prostate, seminal vesicles and mem- 
branous urethra. The pathologic report was “infiltrating adenocarcinoma of rectum. 
Adjacent lymphatics show carcinomatous involvement.” One year later, he was read- 
mitted to the hospital for frequency and difficulty in urination, and attacks of acute 
retention. Cystonietric studies showed a slightly hypotonic curve. The residual urine 
was 18 ounces. On intravenous pyleograph}’-, a normal right upper urinary tract, with 
incomplete filling on the left side, was found. Cj’-stoscopy showed lateral lobe intrusion 
and some bar formation. Following cystoscopy he had an attack of acute pyelnoephritis 
and a B. protcus bacteremia. On September 26, 1940, a transurethral resection was 
performed. The pathologic report was “fragments of prostatic tissue and bladder 
showing infiltrating adenocarcinoma identical with that of previously resected adeno- 
carcinoma of the rectum.” The patient’s urinary symptoms improved, and he was 
discharged to the Dept, of Radiotherapy, but received only four treatments. He died 
at a municipal institution four months later (one and one-half years after the rectal 
resection). The cause of death was given as “metastases” to bladder and prostate, 
chronic pj^elonephritis, and uremia. 

Comment: This is another t)'pical case illustrating bladder and prostatic 
involvement after rectal resection, with death from upper urinaiy tract in- 
fection, etc., probabl}' due to ureteral obstruction by recurrent neoplasm in 
the pelvis. 

Case 5. — Hospital No. 477854: H. W., was a 53-year-old male, with a six-montli 
history, who presented himself to the Mt. Sinai Hospital, September ii, 1940, with a 
tumor of the rectum near the prostate. The biopsj’- showed “infiltrating colloid adeno- 
carcinoma.” An abdomino-perineal resection was performed. The convalescence was 
uneventful except for a temporary urinary leak from an operative perforation of the 
urethra. The extirpated specimen showed lymph node metastases. Seven months later, 
the patient was cystoscoped because of frequency, dysuria and pyuria. The cystoscopist 
tliought that only an acute cystitis was present, but he biopsied a small posterior 
vesical wall protrusion. This showed “fragments of bladder mucosa and mucus cell 
carcinoma.” No treatment was given. The patient entered the Alontefiore Hospital, 
August 26, 1941, and died, February 8, 1942 (17 months after the original operation). 
The necropsy diagnoses were: Recurrent colloid carcinoma, with invasion of bladder, 
prostate, seminal vesicles, and innominate bone, and pressure on great vessels of 
pelvis. Metastases to the mesenteric lymph nodes, testis, epididymis and left adrenal. 
Compression of the right ureter by tumor tissue, with pyoureter, pyelonephritis, and 
perinephritis. Congenital absence of left kidne}^ Acute splenic tumor. Some paren- 
chymatous degeneration of viscera. Congestion and edema of lungs. 

Comment: From the postmortem findings, it does not appear likely that 
any of our known therapeutic aids could have helped this patient. However, 
at the time of the late postoperative cystoscopy, the perineal wound was still 
open. I think radium might have been applied to the bladder and pelvis 
through this wound, in an attempt to check the local recurrence although 
I do not know of any case helped in this wa3\ 

Case 6. — Hospital No. 407608: M. C., a 55-year-old woman, was operated upon De- 
cember 30, 1935. A one-stage abdomino-perineal resection was performed. The tumor 
was three inches above the anus and infiltrated the rectal wall. The report was adeno- 
carcinoma with lymph node metastasis. The patient developed severe perineal and 
back pain and, after 16 months, showed an extensive invasion of the whole pelvis 
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adenocarcinoma with one lymph node involved. The entire specimen measured 6x8 
cm., and was occupied by an annular carcinoma with normal rectum 6 mm. on either 
side. The tumor, grossly, infiltrated all coats and perirectal fat. The patient was 
well for three and one-third years, when pelvic pain and constipation developed. At 
the site of anastomosis, a recurrent cancer was found and confirmed by biopsy. On April 
i8, 1938, an abdomino-parineal resection with permanent sigmoid colostomy was performed. 
The liver was free of metastases. The rectum was adherent to the concavity of the 
sacrum, and the recurrent rectal cancer involved the prostrate, necessitating removal 
of the posterior aspect of the prostate and capsule. The histologic report showed 
adenocarcinoma in the rectal submucosa and prostatic tissue, with one involved lympii 
node. Patient’s recovery was satisfactory, but eight months later patient entered hos- 
pital with symptoms of recurrent profuse urinary bleeding. The intravenous pyelogram 
showed bilateral upper urinary tract dilatation. Cystoscopy showed cancerous invasion 
of the base of the bladder. He died five and one-half years after the first operation, 
from repeated attacks of severe vesical hematuria. There was no postmortem. 

Comment: Although the same postoperative sequelae often follow initial 
radical resection, partial resection with preservation of the anal sphincter is 
considered an inadequate procedure for this disease. Certainly, the patient 
stands a better chance against local residual cancer tvith later active re- 
current growth in the pelvis if the initial operation is wide and complete. 

Case 8. — Hospital No. 487704: N. S. was a 48-year-old male, with symptoms of 
rectal bleeding for several months due to a cancer palpable 5 cm. above the anal 
margin. On September 14, 1936, a first-stage Lahey operation was performed. No 
metastases were present. On October 3, 1936, the second-stage combined operation 
was undertaken. The tumor measured 6x4x2 cm. _The pathologic report was 
“adenocarcinoma.” The specimen was prepared by the oil of wintergreen method, but 
none of nine lymph nodes which were found showed metastastic involvement. The 
postoperative convalescence was uneventful. Approximately 15 months later (January 
24, 1938) the patient was readmitted because of right loin pain, fever, and hematuria. 
The urologic study indicated a normal left upper urinary tract, and a functioning in- 
fected hydroureteronephrosis on the right side. A right ureteronephrectomy was per- 
formed. The kidney, histologically, showed evidence of acute and chronic pyelonephritis 
and ureteritis. The patient was readmitted to the hospital, May g, 1941, about five 
years after the original resection because of difficulty in voiding, burning, nocturia and 
hematuria. Cystoscopy showed a large solid neoplasm on the floor of the bladder. 
The neoplasm was biopsied and fulgurated. Histologically, the biopsy showed frag- 
ments of bladder wall infiltrated by adenocarcinoma. The patient was discharged two 
weeks after admission. On October 22, 1941, a large papillary neoplasm was seen 
cystoscopically on the right side of the floor of tlie bladder overiymg the right ureter 
orifice ^This\vas again fulgurated. Later, because of severe right loin pain a cho 
dotomy was performed at the Neurological Institute. On the 

4 to 12, ^943) vesical neck 

tllitrr the iJreXusly ti;ated tumor, there was some irregular elevation of the 
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mucosa. The stones were crushed, and three grams of tissue were resected from 
the inferior sphincter. No evidence of malignancy was found. He left the hospital 
voiding without 'difficulty. The fifth admission was terminated by the patient’s death, 
May i8, 1942, about six years after the two-stage resection. He had evidences then of 
diffuse metastases, particularly in the liver. The picture was one of gradual deteriora- 
tion with increasing bladder irritabilit}'. There was no postmortem examination. 

Comment: Although not proved, local residual recurrent cancer around 
the right ureter at the bladder may have led to the early infected right hydro- 
ureteronephrosis.. The tumor was slow growing, and vesical involvement 
did not become pronounced until three and one-half years later. Even if 
radical extirpation of the bladder had been performed, this probably would 
not have influenced the development of hepatic metastases. 

Case 9. — Hospital No. 4S3687 : J. S., a 40-year-old male, was admitted to the Mt. 
Sinai Hospital, April 6, 1941, and a one-stage abdomino-perineal resection was per- 
formed on the day of admission. The tumor was situated about 2.5 cm. from the anus ; 
perirectal tissues were indurated, and the left seminal vesicle was adherent to the 
rectum. The pathologic report was “infiltrating adenocarcinoma of the rectum, with 
involvement of maity lymph nodes.’’ About six months after discharge, dysuria, pyuria 
and complete urinary retention was found to be due to irregular intrusion of tissue at 
the vesical neck. A transurethral resection was carried out, December 27, 1941. The 
histologic report was “fragments of prostatic tissue infiltrated by adenocarcinoma.” 
Comparison of the slides of the rectal carcinoma and the resected prostatic tissue led 
Doctor Klemperer to the conclusion that the prostatic cancerous infiltration was 
secondary to the rectal cancer. Because of persistent urinary sjmptoms, including 
some incontinence, the patient entered the Urologic Service of one of the city hospitals. 
Here, another transurethral prostatic resection was performed, and the report of the 
removed tissue was adenocarcinoma of the prostate. A bilateral orchidectomy was per- 
formed, Februar}’’ 13, 1942, and a permanent suprapubic cystotomy established, March 
14, 1942, for persistent urinary difficulty. He was admitted to the Montefiore Hospital. 
April 12, 1942. The serum “acid” phosphatase was 3.6 King-Armstrong units. Al- 
though no metastases were found on admission, he later developed cord compression 
from upper cervical vertebral metastases and died, October 6, 1942, one and one-half 
years alter the rectal extirpation. A limited necropsy was done. The anatomic 
diagnoses were as follows : Adenocarcinoma infiltrating prostate, with direct extension 
to bladder wall, pelvic soft tissues and left ischium. Right pyonephrosis and peri- 
nephric abscess. Right and left pyoureter. Right and left pyelonephritis. Subacute 
cystitis. Acute splenic tumor. 

Comment: This case offered considerable difflculty in determining the 
primary site of the cancer, inasmucli, as the autopsy findings could be 
interpreted either as a primary cancer of the rectum or prostate. No pros- 
tatic tissue could be recognized either grossly or microscopicall}'^ in the dense 
scar-like tumor masses which occupied the pelvis. In view of the definite 
surgical diagnosis of cancer of the rectum, and particularly the age of 
the patient (41 years), cancer of the rectum seemed the more probable. 
A review and comparison of all the surgical and autopsy material from the 
three hospitals was made, which led to the conclusion that the slides from 
the resected rectum, prostate, and autopsy were histologically similar and, in 
view of all the evidence, a final diagnosis of primary cancer of rectum 
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vas made. 1 he importance of differential diagnosis is based on the possible 
neiapeu ic efficacy of orclndectomy in cancer of the prostate, as orig- 
inally advocated by_ Huggins.^ For future cases, two possible aids are 
suggested to distinguish between primary cancer of the prostate and secondary 
cancer of the prostate from a primary rectal cancer. The first is the serum 
acid phosphatase determination.-* Primary prostatic cancer with metastases 
usually gives an elevated serum acid phosphatase, while in primary rectal 
cancer with or without prostatic involvement, the determination should be 
normal.'^ A second histologic aid may be in the use of a new staining method 
of transurethrally resected prostatic tissue. This method, described by 
Gomori,“ demonstrates acid phosphatase activity in tissue sections. Pros- 
tcitic cancel which contains large amounts of acid phosphatase stains strongly 
positive, as compared with a rectal cancer infiltrating the prostate gland 
which should, on the information at hand, not stain heavily. However, 
further studies will have to be made on these suggested laboratory aids. 

While on the subject of prostatic cancer, attention should be called to the 
fact that the differential diagnosis between it and a low, anterior wall, primary 
rectal cancer may be difficult. Kickham and Bruce- mention four cases of 
prostatic cancer simulating rectal cancer in which the presenting symptoms 
were rectal. We have had several similar experiences. 

Concerning the frequency of this sequela of lower urinary tract malignant 
infiltration following abdoinino-perineal resection, I cannot give exact figures 
from our material. There have been no recently published statistics from this 
institution relating to the follow-up observations of the operative cases of car- 
cinoma of the rectum. One of the reasons is that the grouping of these 
cases has changed hands several times, so that not enough time has elapsed 
for a jjroper evaluation. A recent study^ of the immediate results of the 
surgical treatment of cancer of the rectum on the wards of the hospital 
for a four-year period showed that 85 patients were subjected to operation. 
Fifty-one were operable. In 36 cases, a one-stage abdomino-perineal resec- 
tion was carried out, with six deaths, or an operative mortality of 16.6 
per cent. In the remaining 15 operable cases, various other procedures were 
undertaken. The three ward cases, which have been detailed above, are from 
the group of 30 patients who survived the one-stage abdomino-perineal re- 
section. Therefore, in this group the incidence of late involvement of bladder, 
prostate or seminal vesicles would be at least 10 per cent. However, our 
figures are too small to be reliable. Ewert^ analyzed the urologic complica- . 
tions in 452 cases of extirpation of the rectum. The rectal lesion initially 
involved the ureter in ii cases, the bladder in 23 cases, and the prostate 
in 19 cases. He states that in five patients in whom rectal resection was done, 
the growth invaded the prostate after operation, producing obstruction which 
required bladder neck resection. However, the number of cases followed 
postoperatively, or the length of follow-up is not mentioned. .... 1 
It is outside of the scope of this communication to discuss m detail the 
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urinary complications of surgically treated or untreated cancer of the rec- 
tum or sigmoid. The literature on this subject is ample. From a uro- 
logic viewpoint, however, it is worth remembering, as pointed out by 
Schwartz and Bergman,^ that urinary symptoms believed to be due to a 
lesion in the urinary tract are not infrequently secondary to a primary lesion 
in adjacent bowel, either neoplastic or inflammatory. 

SUMMARY 

Nine instances of late invasion of the bladder and/or prostate and seminal 
vesicles following abdomino-perineal resection for cancer of the rectum or 
recto-sigmoid are reported. The management of these cases is described. 
One of the patients appears to have been remarkably helped by radio- 
therapy and transurethral resection. The sequelae under discussion may 
occur more often than formerly i-ealized. Upper urinary tract complications 
are found very frequently in the later stages of cancer of the lower bowel. 
Although cancerous invasion of the lower urinary tract after abdomino- 
perineal resection appears to render the situation hopeless palliative urologic 
or surgical measures and radiation therapy should often be attempted, with 
the expectation of prolonging life. 
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COCHLTOMYIA AMERICANA INFESTATION IN MAN 

CASE REPORT 

R. 0. Pear.man, M.D., AND L. IIaseman, Ph.D.* 

St. Joseph, Mo. 

Cociii.iOMYiA AMERICANA C. and P. is the name given to the New Work! 
screw-worm fly liy Cushing and Patton^ to separate this dangerous form, 
which feeds on^ the tissues of living animals, from the blowfly {Cochliomyia 
inoccUaria) wliich is more particularly a scavenger fly. 

The screw-worm fly is native to the warmer sections of the Americas, 
but on Its own power or by the movement of infested animals may spread into 
the com belt, to cause serious damage to livestock and other warm-blooded 
animals, including man. fhe adult fl}' may readily be mistaken for a medium- 
sized blowfly. It has a deep greenish-blue metallic color with yellow, orange 
or reddish face, and three dark stripes on the dorsal surface of the thorax. 
Unlike the blowfly, however, it is normally attracted to fresh cuts or bloody 
wounds rather than to purulent sores. Its larvae bore into and destroy the 
healthy tissue surrounding the wound, which may prepare the \yound for a 
subsecpient attack by the common blowflies. On livestock, wire cuts, dehorn- 
ing wounds, castration cuts, navel wounds, and other skin injuries are the 
usual sources of screw-worm entrance. On man, entrance occurs most com- 
monly through the ears, nostrils or exposed surface wounds, usually while 
the individual is asleep or unconscious. 

In the last few years, the screw-worm fly has been of increasing import- 
ance as a pest of livestock in the Middle West. While, presumably, it is 
unable to withstand the winters, new infestations have been established each 
summer by the shipment of infested animals from the south and by the 
northward migration of the adult flies. In 1941, the pest spread from 
centers of introduction so as to cover entire counties and involve hundreds 
of animals. With frosts coming so late, as in the last two open falls, the 
pest has been able to continue to breed later than usual, so as to attack 
animals and man throughout October. In southern California, ^ this menace 
is present the year round, being more prevalent in the late fall and winter. 

Along with this increase of its importance to livestock has developed 
its real menace to man. Any untreated cut, scratch, blister, insect bite, or 
other raw wound on the surface or any irritation in the nostrils, ears and 
eyes of man or beast may serve as an attraction to the fly. The female fly 
may deposit a few hundred eggs at the rate of 60 per minute, and with the 
eggs hatching in about a day, an untreated wound may soon become heavily 
infested with maggots. The young worms promptly begin to penetrate anc 
destroy the tissues, eating in by me ans of the powerful oral hoods, and ca i^ 

* Professor of Entomology, University of Missouri, Columbia, Mo! 
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a burning, pinching type of pain, characteristic urine-colored discharge, and 
a most disagreeable odor. The maggots may become full-fed in four to 
a maximum of ten days. The adult worms drop out of the wound, bury in 
the ground, and after a Aveek in the pupa stage emerge as a fly which soon 
mates and more eggs are deposited. This means that several broods of 
the pest may develop during the summer months. 

Wallace^ states that there appears to be a slight rotary motion as the 
worms busy themselves with their destructive feeding, and that their mo- 
tility is due to the circular spines around their bodies, which are similar to 
the thread on screws, and from which they get their characteristic name. 

Literature^’ ® dealing with the screw-worm fly refers to various cases 
of infestation in man. Most of these cases were undoubtedly screw-worm 
infestations, although the maggots were rarely saved and identified as those 
of the screw-worm fly by experts in this field. 



Fig. I. — Patient after the removal of the larvae. Note the 
gangrenous area lateral to the right nostril. 


August 12, 1941, one of us (R. O. P.) removed 8o apparently full-fed 
maggots from a lesion of the cheek of an elderly woman, which were identi- 
fied by C. T. Greene, D. G. Hall, and later by E. F. Knipling,^ Federal 
authority on screw-worm infestation, as definitely the larvae of the screw- 
worm fly, Cochlioniyia cwicricona C. and P. 

Case Report. — D. M., age 58, married, was admitted to St. Joseph Hospital, 
August II, 1941, with what, at first, appeared to be an abscess of the right side of her 
face. She said that she had been bitten on the right cheek, five days before admission 
to the hospital, by a spider or flj’. The following day the right side of her face 
itched and became sw’ollen and painful. The swelling became larger and the pain 
increased in intensity ; and the night before admission to the hospital she coughed 
up a larva, and developed a bloody discharge from the nose and mouth. Ten hours 
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right side ot her hcTlrmrLTl'rr'XgS^^^ aTea",* -‘ cm’" ■"’d''"'’ °‘ ''’' 

1.75 cm. lateral to the right nostril. Tcmmrc m.-'V ™‘‘ 

W.B.C. 11,350, neutrophile 8o%, lymphocytes 20% ^o. 

(SahJi) 61%, blood Wassermnm wf ^ '^'^5o,ooo, hemoglobin 

Both maxillary and right antc^ eSM%i„!sr 

but sumcient to indicate pathologic residue. Chest: Negative ^ ^ ’ 

The patient was anesthetized with intravenous pentothal sodium, the nose and right 
check were painted with tincture of methiolatc. The lesion was opened through tte 
gangrenous area by means of a hemostat. A few larvae were obtained, accompanied 



Frc. 2. — few of the larvae obtained (X''f>) Tliej vere so active that several 
crawled out of the photographic field before the picture could be taken. 


by approximately an ounce of foul smelling serosanguineous discharge. Upon further 
exploration of the lesion, many more larvae were observed spreading out in a fan- 
shaped manner and burrowing into the ragged, bloody and somewhat honeycombed 
tissue at the periphery of the lesion. These larvae weie removed individually with a 
thumb forcep (Fig. l). A total of 80 larvae were removed from the lesion. The 
ragged lining of the resulting cavity was curetted away down to healthy appearing 
tissue. The cavity was noted to open into the right nasal passage, and the nasal 
septum was perforated. The maxilla was roughened, but the process had not broken 
into the right maxillary sinus. The curettings and several pieces of tissue from the 
edge of the opening were saved for pathologic diagnosis. The cavity was swabbed 
out with tincture of mcthiolate and packed with vaselined gauze Pathologic Rcpoit: 

Inflammatory tissue. . 

Most of the larvae were preserved in alcohol, although a few were kept m hopes 
that adult flics might emerge, but they failed to do so. The larvae weie verj actne, 
of the usual maggot shape, 12 to 15 mm. in length and 2 to 2.5 mm. in diameter 
(Fig 2) and gray-white in color with a tint of reddish-brown due to the tissue exudate 
which filled their intestinal tracts. The larva had 12 body segments, each of which 
was encircled by a narrow ring of minute spines, giving the larva the resemblance to 
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a screw. The head of the larva was rather pointed and was provided with an oral 
hood surmounted bj’- two hook-like projections. The larger end of the larva was 
provided with two brownish plates through which it is supposed to breathe. 

A volatile poison such as chloroform or benzol will kill the larvae and aid in their 
removal, especially in inaccessible lesions. However, in this case, the use of such an 
agent was not necessary. 

The patient was discharged, August 19, 1941, markedly improved. Two months 
later, the area was completely healed and the patient appeared normal. No antiluetic 
therapy had been given in the interim, because the patient refused to come back to 
the clinic for treatment. 

The patient lives in a poor and very unsanitary part of the city, about a 
mile from the stockyards and packing houses. The house opens directly 
onto the sidewalk and is a dark shack crowded between two similar houses. 
The windows were not screened, but the front entrance had an old, dilapidated 
screen door. The backyard was low, littered with trash and overgrown 
with weeds. At the time she was supposed to have been bitten by an insect, 
the hide of a butchered goat hung in the coal house, and the place was alive 
with flies. She also reported flies in the house. She stated that she did not 
take naps in the da3flime, and that she did not have any sores or scratches 
on her face nor any nasal discharge at the time of the supposed bite. 

Those of us who saw the case were of the opinion that the fly must 
have deposited its eggs in her right nasal cavity, and that the maggots 
worked out from there to form the lesion in the cheek. This would seem to 
be the logical explanation ; for if there were no breaks in the skin on the 
cheek, the fly must have laid its eggs in the patient’s right nostril. The 
fl)^ probably gained access to the house, and in the early morning while 
the patient slept, deposited the eggs in her nostril, where perhaps unknown 
to her she may have had some irritation. Then the supposed spider or 
insect bite on the cheek was probably merely pain due to the first activity 
of the young maggots, some five days before they were removed at operation. 

COMMENTS 

(1) With the spread of the screw-worm infestation among cattle, more 
cases in humans may be expected in the near future. 

(2) Maggots from any wound should always be saved for identification 
by an entomologist. 

(3) Wounds should always be kept covered to protect them from flies. 

(4) Persons afflicted with sores about, or discharges from, the aural 
or nasal cavities should sleep only in well-screened houses, and should keep 
the areas protected from possible attack by flies when outside. 

(5) A volatile poison (chloroform or benzol) will kill the larvae and 
aid in their removal, especially from inaccessible lesions. 
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BRIEF COMMUNICATIONS 

UMBILICAL DISCHARGE IN ACUTE APPENDICITIS 

REPORT OP TWO CASES 

Philip D. Allen, M.D., and Robert A. Johnson, M.D. 

New York, N. Y. 

FROM THE children's SURGICAL SERVICE, BELLEVUE HOSPITAL, NEW YORK, N. Y. 

Inn olvement of the umbilicus secondary to inflammatory disease of the 
appendix is uncommon. Cullen,^ in his treatise on the diseases of the um- 
bilicus, states that he has never seen this structure involved in appendicitis. 

Umbilical discharge may occur as the result of spontaneous rupture of 
an appendiceal abscess resulting in an entero-umbilical fistula or it may 
result from a generalized peritonitis secondary to inflammation of the appen- 
dix. A case will be presented illustrating each of these two conditions. 

Purulent drainage from the umbilicus secondary to a generalized peri- 
tonitis has been reported by many writers, including Heurtaux,- Vaussy,“ 
and Gauderon."* The peritonitis in most instances has been classified as 
idiopathic. The pneumococcus was the most frequent organism found, and 
the condition occurred most often in young females. Haggard^ reported 
umbilical discharge occurring in a case of peritonitis in which the clinical 
signs indicated acute appendicitis as the basic pathologic process, but this 
was not proved by operation or autopsy. 

Case I. — Hosp. No. 194701 ; R. S., white, female, age two and one-half years, was 
admitted to the hospital, August 14, 1941, with a history that five days before she 
had had an upper respiratory infection, anorexia, vomiting and abdominal pain. Three 
days after onset the child had two generalized convulsions and was referred on the 
fifth day to Willard Parker, a hospital for contagious diseases, with a tentative diagnosis 
of meningitis. She was at once transferred to Bellevue Hospital, with a diagnosis of 
perforated appendix and spreading peritonitis. 

On admission, the child was in a prostrate condition, with a temperature of 103° F., 
pulse 124, respirations 40. Positive physical findings were limited to the abdomen, whicb 
was markedly distended, with moderate tenderness throughout. No masses were palpable. 
Rectal examination revealed induration but no definite mass. 

The white blood count was 9,500, with 75 per cent polymorphonuclear leukocytes, 
24 per cent lymphocytes, and i per cent monocytes. There was 1 + albumen in the 
urine. The hematocrit was 44, and the plasma protein 5.5 grams. 

Supportive therapy consisting of small blood transfusions, oxygen and sulfonamides 
were given. Clinically, the child improved, and on the fifth hospital day the tempera- 
ture was 100° F., pulse no, white blood count 14.150. Two days later thick, creamy 
pus began to drain from the umbilicus in small amounts. Under local anestbesia, a 
McBurney incision was made and a large amount of thick, purulent material was 
evacuated from the peritoneal cavity. Drains were inserted without further exploration 
and the wound was packed open with vaselined gauze. A right lower lobe pneumonia 
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developed posloperativcly, and purulent material continued to drain from the umbilicus 
and the operative wound. The patient expired on the seventh postoperative day. 

Necropsy.— Umhed to the abdomen. The peritoneal cavity was the site of a 
purulent plastic peritonitis. There were numeious loculated abscesses one of which, 
in the region of tlie umbilicus, contained several hundred cubic centimeters of yellowish- 
green pus. Examination of the bowel revealed that the cecum opened into the free 
peritoneal cavity through the eroded opening of the appendiceal stump The remainder 
of the appendix was not found. 
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bance of bowel habit. This brief episode did not force tbe child to go to bed, and she 
continued to play about in the usual manner. 

Physical examination was negative except for the umbilicus, in the center of 
which was a small pouting area presenting an opening about five millimeters in 
diameter. The surrounding skin was eroded and the discharge was yellowish-green in 
color, without fecal odor. The abdomen was soft, without tenderness, spasm or palpable 
mass. Rectal examination revealed a small mass at the tip of the examining finger. 

The temperature was 99° F., on admission. The white blood count was 7,200, 
with 70 per cent polymorphonuclear leukocytes, and 30 per cent lymphoc3des. Gross 
and microscopic examination of the urine was negative. Examination of the discharge 
for free hydrochloric acid was negative. Twenty cubic centimeters of methylene blue 
was injected into the tract, but none appeared in the urine. Ten cubic centimeters of 
lipiodol was then injected into the tract and roentgenograms visualized the terminal ileum, 
cecum and ascending colon (Fig. i). A diagnosis of Meckel’s diverticulum, with a 
patent fistulous opening through the umbilicus was made, and operation was performed 
on the fifth hospital day. 

Operation . — Through a right rectus muscle-splitting incision, a firm mass, covered 
with omentum, was found to be attached to tbe anterior abdominal wall about 
five centimeters below tbe level of the umbilicus. On dissecting free the omentum 
there was found to be encapsulated in it a sloughing appendix. The cecum was identi- 
fied and the base of the appendix transected, the stump inverted, and what remained 
of the appendix was removed in a retrograde fashion. The fistulous tract leading to 
the umbilicus was laid open, curetted, and packed with vaselined gauze. 

The postoperative course was uneventful. The opened sinus tract healed in slowly 
from below, and was entirely healed when the child was discharged on the twentieth 
postoperative day. 

The pathologic laboratory confirmed the diagnosis of acute and chronic inflamma- 
tion of the appendix. 


SUMMARY 

These two case reports have been presented, with the operative and 
autops}^ findings, to illustrate the uncommon occurrence of umbilical dis- 
charge secondary to inflammatoiy disease of the appendix. This may occur 
either as the result of generalized peritonitis of appendiceal origin, as illus- 
trated by Case i, or by the spontaneous drainage of an appendiceal abscess, 
with the formation of an entero-umbilical fistula, as in Case 2. 
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1 HE NORMAL SPLEEN IS iiot Uncommonly ruptured by trauma. On oc- 
casion, the loss of blood at time of injury may be slight because the laceration 
is speedily occluded by a thrombus. In some instances this thrombus may 
proceed to healing by fibrosis. In other cases it may be detached by further 
injury or may soften and be freed spontaneously. A second and much more 
severe intraperitoneal hemorrhage may then take place. Jackson^ recorded 
a case of this type in which the severe hemorrhage occurred 28 days after 
tlie initial injury. The term “exploding spleen’’ has been coined to describe 
this second phenomenon. A review of the early literature on traumatic 
rupture of the normal sjileen and of the history of splenectomy was made 
by Barnes. - 

Preexisting disease of the spleen is a strong factor in determining rupture 
by trauma. A blow to an abdomen containing a large, friable malarial spleen 
might well result in a fatal hemorrhage from that organ, a fact taken advan- 
tage of by ingenious assassins of the middle ages. 

Susmaii'* found record of spontaneous rupture of the spleen in malaria, 
typhoid, pregnancy, parturition and the puerperium, leukemia, hemophilia, 
acute infections, tuberculosis, and even more rarely in typhus fever, relapsing 
fever, cystic degeneration, malignant growth, hydatid disease, infarction, tor- 
sion, abscess and varices. 

Spontaneous rupture of an apparently normal spleen is much less fre- 
ejuent. Zuckerman and Jacobi'* collected 20 genuine and seven doubtful in- 
stances in the period prior to 1937. Since then, Dudgeon® has contributed 
another case. Recent European journals have contained articles on the 
subject, but are not available on this continent. The purpose of this report 
is to present another example of spontaneous rupture of an apparently 
normal spleen. 


Case Report.— B. K., male, age 46 , lumberjack, suffered from generalized cranipy 
abdominal pain with nausea and vomiting and some tenderness in the right lower 
abdomen for one week, a year prior to admission. He received no medical attention 
at that time, and on recovery felt entirely well until one week before coming into the 
hospital. During tliat week he developed symptoms suggestive of a subacute intestinal 
obstruction Physical examination on admission was in accordance. There was no 
abdominal rigidity or tenderness, and no masses could be made out. On roentgenologic 
examination, the plain films revealed moderately distended loops of small bowel, and 
the barium enema showed a fixed and irregular terminal ileum, suggestive of an in- 
flammatory disease. The distension cleared up rapidly after admission, and he re- 
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mained in bed, with no complaints, and with no elevation of temperature, increased 
pulse rate or unusual W.B.C. count. 

Twelve daj^s after admission, without premonitory symptoms, he developed sudden, 
severe generalized abdominal pain, followed in a few moments by pain behind the 
left shoulder tip. The pain was increased by any shifting of his body. On examination, 
he appeared acutelj" ill, with ashen color and clammy skin. The abdomen was slightly 
distended and uniformly tender. There was uniform guarding of the abdominal wall, 
but not true board-like rigidity. Free fluid was easily demonstrated, but Ballances’ 
test was not attempted. The abdomen was silent. Rectal examination revealed extreme 
tenderness high up, but was not otherwise helpful. There was no free air in the ab- 
dominal cavity demonstrable roentgenologicall3". The pulse was 130; B.P. 80/60; 
temperature 99.2° F. per rectum; and W.B.C. 23,000. 

After administration of morphine, 250 cc. of plasma, and 600 cc. of whole blood, the 
general condition of the patient improved sufficiently to make celiotomy feasible. The 
abdominal cavity was entered through a short midparamedian incision on the right side. 
Bloodi' fluid and blood clots presented immediately. A rapid manual examination re- 
vealed that there were more blood clots in the left upper abdomen than elsewhere. The 

incision was e.xtended upward, and the spleen delivered into the wound. The splenic 
capsule had been stripped up and split open, and there was blood clot adherent to the 

splenic pulp. The vessels were ligated separately' at the hilum and the spleen removed. 

The liver was normal in size, color and consistency. There were adhesions between 
loops of small intestine in the lower abdomen, but further exploration did not seem 
warranted at this time. About 1500 cc. of blood clot and another 100 cc. of bloody 
fluid was removed from the peritoneal cavity'; the wound was closed without drainage; 
and the patient returned to bed to an oxygen tent. Recovery was free from complica- 
tions. The hemoglobin was 33 per cent the day following operation, with an admission 
level of 80 per cent. The platelet count was 473,000 at five days, and still 410,000 two 
weeks after operation. Blood smear, differential W.B.C., and van den Bergh level 
were normal, and the Wassermann was negative. 

Because of the still undiagnosed lesion in the lower abdomen, the abdominal cavity 
was opened again five weeks after the splenectomy. The small bowel “tie-up” was 
found due to a former acute appendicitis. This was straightened out and the appendix 
removed. Convalescence was once again uneventful. 

Pathologic Report: This specimen consists of a small, markedly contracted, relatively' 
avascular spleen, which measures 8 x 6 x 3.5 cm. On the diaphragmatic surface of the 
spleen the capsule has been stripped up by an effusion of blood. Portions of blood 
clot are still adherent to the outer part of the splenic pulp. Sections of the spleen. reveal 
it to be firm and contracted, and liver-like in consistency', almost no blood exuding 
from the cut surface. The malphighian corpuscles and trabeculae are difficult to make 
out. Serial gross sections of the spleen fail to reveal any' infarct or other area of 
softening to account for the subcapsular hemorrhage. The vessels at the hilum of the 
spleen fail to reveal any abnormality. No traumatized area, and no zone definitely 
identifiable as the site from which the hemorrhage occurred is present. 

Microscopic sections of this spleen fail to reveal any information as to the 
mechanism resulting in the e.xtensive subcapsular hemorrhage. The spleen is markedly 
contracted, so that the sinusoids and the other vascular channels contain almost no 
blood. The arterioles* are thickened throughout. The trabeculae appear normal. The 
capsule, where stripped up, shows a slight chronic inflammatory' infiltration of 
lymphocytes. 

Discussion . — ^The correct diagnosis was not reached before operation. A 
proven lesion at the terminal ileum made it seem the most likely source of 
the general peritoneal irritation. The development of pain in the left shoulder 
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tip soon after onset of the general abtloininal pain suggested that the accident 
ad o^urred in the upper abdomen. The short midabdominal ineision, cap- 
able of extension in either direction, was an admission of this uncertainty hi 


The dinical findings were not entirely in keeping with perforation of a 
lollow viscus. The fall in blood pressure and rise in pulse rate seemed out 
of proportion to the other clinical findings and might have suggested that 
blood loss_ played a part in the picture. Free fluid was demonstrated both 
by transmission of fluid wave and by shifting dullness. Ballance’s sign was 
not tried, and might have solved the problem. 

The cause of a spontaneous hemorrhage from an apparently normal spleen 
in difficult to explain. In the absence of a rent in the splenic pulp it seems 
likely that the initial hemorrhage was between the splenic pulp and the 
capsule. A logical sequence of events would then be a gradual elevation 
of the splenic capsule, rupture of the capsule and then massive intraperitoneal 
bleeding following on the relief of pressure. No blood clot of any age was 
found, and a slight chronic inflammatory infiltration of lymphocytes in the 
stripped up splenic capsule is the only evidence that the whole process did 
not occur in rapid order. 

The etiology of the initial hemorrhage is even more perplexing. A minoi' 
blow to the abdomen just sufficient to rupture a small vessel deep to the 
capsule and initiate the process is an attractive theory. In opposition to 
this, the patient had been confined strictly to bed for 12 days prior to tlie 
accident, and had been very quiet during the proceeding week. On careful 
questioning he could recall no blow to the abdominal wall during the previous 
several months that had been severe enough to be remembered. 

Susman''* noted that vague gastro-intestinal symptoms were sometimes 
present in the period before rupture of a normal spleen. He believed that 
congestion of the portal vein and its radicals might force blood between the 
splenic pulp and capsule and finally force the latter to give way. The period 
of subacute intestinal obstruction immediately before rupture in this case 
could well have produced a portal congestion. In contradiction of this theory, 
spontaneous rupture of the spleen has not been reported in portal cirrhosis 
or thrombosis, where portal congestion should be much more severe. 

WohF observed that the malphighian bodies and capsule of the spleen 
showed thickening and hyaline changes at a comparatively early age. He 
considered that spontaneous rupture of the apparently normal spleen was 
due to a local degeneration in the wall of a blood vessel. In the case pre- 
sented here the arterioles were thickened, but these changes se^^nied within the 


normal range. . . . . . 

Perisplenic adhesions which fixed the spleen in position might, co.ice.v- 

ablv predispose to injury, but were not present here. 

I’n conclusion, no definite cause can be assigned to this "'J; 

ture o£ an apparently normal spleen. Its occurrence soon atte. an episode 
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of subacute intestinal obstruction is some evidence that venous congestion 
might play a role in the etiology. 


SUMMARY 

1. A case of spontaneous rupture of an apparently normal spleen is 
presented. 

2. There was no tear in the splenic pulp, and a subcapsular hematoma, 
with stripping of the splenic capsule and final rupture into the peritoneal 
cavity, seemed the likely sequence of events. 

3. No adequate cause for the hemorrhage was found, but the accident 
occurred during convalescence from a subacute intestinal obstruction, and is 
some evidence that venous congestion may play a role in the initial hemorrhage. 

I wish to thank Dr. Roscoe R. Graham for permission to publish this case aiul 
Professor W. L. Robinson for the pathologic report. 
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RESTORATION OF BLOOD FLOW IN DAMAGED ARTERIES 

FURTHER STUDIES ON A NONSUTURE AIETIIOD OF BLOOD VESSEL ANA.STOMOSIS 

Arthur H. Blakemore, M.D., Jere W. Lord, Jr.,M,D., 

AND 

Paul L. Stefko 

New York, N. Y. 

FROM THE DEPARTMENTS OF SURGERY, PRESBYTERtAN HOSPITAL, COLUMBIA UNIVERSITY, COLLEGE OF PHYSICIAN 
AND SURGEONS. AND THE NEW YORK HOSPITAL. CORNELL UNIYERSITY MEDICAL COLLEGE, NEiV YORK, N. Y. 

Therf. were 4,403 U. S. soldiers who lost one or more extremities’ 
cku'ing the last World War, and of this number only 13 per cent (690)- 
lost their limbs in battle. Of the remaining 3,713 cases, surgical amputation 
was resorted to. The majority of these surgical amputations were performed 
because of infection or because of the presence of serious damage to the 
blood supply, or both. Attempts at suture of severed arteries was “by-and- 
large” unsuccessful and, therefore, considex-ed impractical.®’'’’^ 

Perhaps reflecting the improved methods of treating wounded extremities 
in the present war, a recent British war meinorandum by Admii'al G. 
Goi'don-Taylor, and his associates,” has the following to say I'egarding ampu- 
tation : “The main indication for amputation is irreparable interference with 
blood supply. No matter how sevei'e the desti'uction of skin, comminution 
of bones or contamination of tissues, if the main blood vessels are.not destroyed, 
the limb can usually be saved.” 

We postulate in this war that the use of the sulfonamides in conjunction 
with cai'eful debridement, careful hemostasis with the evacuation of blood 
clot will, for the first time in the history of wars, enable the surgeon to safely 
postpone amputation in cases of ligated primary arteries until the true status 
of the collateral circulation is established. Furthermore, such measures, per- 
Ixaps in conjunction with the use of anticoagulants, will affoi'd the basis for 
success of a simple, nonsuture method of arterial anastomosis. 

* Presented before the Combined iMecting of the Philadelphia Academy of Surgery, 
and the New York Surgical Societies, at the Academy of ^fcdicine, .New York. 
February 10, 1943. 

The work described in this paper was done under a contract, recommended I)y the 
Committee on Afcdical Research, between thfe Office of Scientific Research and De- 
velopment, and the Cornell Medical College. 
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■IS experience using the vitalliunr^ tube, or tubes 

as cl pioslhesis for blood vessel cinastoniosis. ’ 




Scxci.il (hllcrent tcehiucs (Figs, i, A and B, and 2 A) were attempted 
bcfoie a satisfcactory method was discovered. In brief, the suture of the 
divided carotid (or femoral) artery over a vitallium tube was successful 



Fig. I. — In these drawings .are depicted the differ- 
ent methods of using a single vitallium tvtbe. (A) The 
artery is sutured in the usual manner over a straight 
vitallium tube. (11) The divided ends of the artery 
are approximated near each end of the vitallium tube 
by ligatures, in this way a gap is bridged. (C) The 
final technic which was highly successful. The 
drawing shows the vein to be inside the vitallium tube; 
the ends of the vein are everted over the vitallium 
tube, and the artery is drawn over each end and held 
by a ligature. In this way the flowing blood contacts 
only an intimal-lined tube. 


in only one out of nine experiments, and in the successful one blood flow was 
demonstrated for only five days (Fig. i A). Bridging a gap with a vitallium 
tube by the ligature technic (Fig. i B) was also most disappointing (none 
out of six). Finally, the bringing of each end of the divided artery through 
a vitallium tube and bridging the gap with a vein transplant was successful 

in only two cases out of seven (Fig. 2 A). 

After the above failures, a technic was established of bridging a gap in 
an artery which functioned fairly well in the small femoral artery and with 


* The approximate composition of vitallium is cobalt 65%. chromium 30%, and 
molybdenum 5%. The tubes were supplied by the Austenal Laboratories, Inc., of 
Chicago and New York. We wish to thank Mr. J. J. Erdmann of that company for 
his cooperation. 
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divided after rvtbbcr-shod clamps have been applied. Ibe ends of the aileij 
are irrigated with saline solution and, with three mosquito clamps, each end 
of the artery is brought over the vitallium tube lined with vein for the dis- 
tance of I cm. The ends of the artery are fastened to the tube beyond the 
vidcres with two ties of fine silk at each end (Fig. i C). This maneuver 
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results in the intima of the artery being in contact with the intima of llie 
vein for 6 to 8 Mm. Finally, a tie of fine silk is tied loosely over the artery 
at each end, i to 2 Mm. from the end of the vitallium tube, so that blood cannot 
penetrate between the two intimas (Fig. 4) and, hence, form a thrombus in 
the first place; and, secondly, so that tissue juices released by the ver}- tight 
ligatures cannot escape into the circulation. After the above has been com- 
pleted the proximal rubber-shod clamp is released first in order that air 
bubbles will be driven peripherally. Immediately after release of the distal 
rul)ber-s]iod clamp the blood courses freely and a strong pulsation can be 
felt distal to the vitallium tube. 



Fig. 4 . — Illustrating the tying of the snug ligature near the end of the vitallium 
tube. This ligature prevents blood from penetrating between the two intimas and also 
keeps any tissue juice, freed by the crushing ligature, from escaping into the general 
circulation. 

A modification of the above procedure has been made for the use of 
longer gaps in an artery. Two vitallium tubes with funnel ends are handled 
in a similar fashion to the above method (Fig. 2 C).* 

We have used the nonsuture method in the anastomosis of the dog’s ab- 
dominal aorta with regular success, grafts from the external jugular vein 
being employed to bridge the defect. Several of these animals have been 
followed now in excess of seven months, and their anastomoses have con- 
tinued to function perfectly. 

Clinically, we have used the two-tube method to bridge a combined 
defect of the popliteal and femoral arteries in a 63-year-old negro following 

* For a more dctailcfl description of the method refer to Surgery, 12, No. 3, 4R8-30S. 
September, 1942. 
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excision of a syphilitic aneurysm. In spite of the presence of marked degener- 
ative arteriosclerosis, gangrene of the leg was avoided. 

Irrespective of the above encouraging results, it is our opinion that the 
acid test of the method is the study of its efficiency when used in anastomosing 
the small femoral arteries of dogs in clean and contaminated wounds, and 
without the use of anticoagulants. 

The femoral artery of the dog was selected as a vessel for testing the 
efficiency of our nonsuturc method of anastomosing vessels for the follow- 
ing reasons : ( i ) Abundance of experience has shown that suture anastomoses 
oMhc femoral arteries of dogs, with or without the use of vein grafts, fails 
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with the suture method under y' { tAmic and asepsis, and 

nonsuture method, with str.c ‘ “e opposite leg', affords 

the use of ™;tri : Lr^efects in the small femoral 

a 90 per cent expectancy of success in oriUf, t. 

arteries of dogs. 

AKASTOMOSIS OF ULOOO VBSSn,^ IN CONrAIUNATEn WOUNDS ^ 
Experience has shown that infection is the „,,i 

in any method of blood vessel ' f taken from the site 

the wound may heal by pniimry union an Experimenls were con- 

dlcS i:::;iTtlVr:n.r"sm:n“^ employed - anas.on,oseJree 

vein transplants to the divided division 

The operation was performed six hours attei uumc 
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Table I 

U1.SULTS ^yuu CARREL SUTURE TECHNIC EMPLOYING FREE VEIN TRANSPLANT 
between DIVIDED ENDS OF FEMORAL ARTERY 

OPERATION PERFOILMED 6 HOURS AFTER UNSTER.LE LIGATION AND DIVISION OF FEMORAL ARTERY 

1 crfcct iMinction and Perfect Function but Thrombosed i tj 

Slniclarc Days) Aneurysm (14 Days) 04 " 

^ 3 2 4 

of the femoral artery. One and one-half grams of sulfanilamide was used 
m alternate wounds in the series, and all of the wounds were thoroughly 
irrigated before performing the anastomoses. Of the ten anastomoses, one 
was found to be successful upon exploration 14 days postoperative, while 
aneurysm occurred at the site of the anastomosis in three instances, throm- 
bosis occurred in two, and secondary liemorrhage in the remaining four. 
I'iguie 9 is a photogra])h of tlie specimens showing aneuiysms at the site 
of tiie anastomoses. Cultures taken from the aneurysms revealed bacterial 
growth, as was the case in the rest of the failures. 




I'lO. 7 . — A pIioloffr.TpIi sliowinfr tite opened specimen of tlie left femoral arteiy, 
where CNCcllcnt hcnlhiR has taken place hctwccn the iiitimas of the artery and vein. 

Tlie vitallinm tube ha-, been removed .and the vessel is entirely patent; this having’ been 
ilcmonstratcd by sectioning the artery distal to the anastomosis. It is interesting, how- 
ever, that a diodrast injection made just before the animal was sacrificed failed to 
demonstrate patency. 

Table II shows the results with the nonsuture method of bridging arterial 
defects in the femoral arteries of dogs using the double tube vein graft 
technic. The operation was performed six hours after unsterile ligation and 

Table II 

RESULTS WITH NONSUTURE METHOD OF BRIDGING ARTERIAL DEFECT IN FE.MORAL ARTERY 
OPERATION PERFORMED 6 HOURS AFTER UNSTERILE LIGATION AND DIVISION OF FEMORAL ARTERY 
Perfect Function and Perfect Function but Thrombosed Secondary Hemorrhage 

Structure (7 Days) Aneurysm (7 Days) (7 Days) (7 Days) 

12 0 ® _ 
division of the artery, and, again, 1.5 Gm. of sulfanilamide was used in tlie 
wounds of alternate dogs. Of the 22 anastomoses performed, 12 were suc- 
cessful, and thrombosis occurred in 10.* 

* The anastomoses were explored on the 7th postoperative day because experience 
has shown that if the anastomoses remain patent up to the 7th day, thrombosis is ex- 
tremely unlikely to occur thereafter, whereas with suture anastomoses failure is hkey 
to occur up to 14 days after operation. 
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Fig. 8. — Photomicrograph of specimen removed from animal Xo. iSSo showing the junction of 
the artery and vein. This junction has been bridged by mlinia. 

A comparison of these two series of animals reveals the dire results 
of suture anastomoses of arteries in the presence of bacterial contamination. 
It is of interest to note that sulfanilamide was used in the one successful 
experiment, whereas with the nonsuture method, using vitallium tubes, the 
anastomoses succeeded in over 50 per cent of the experiments in spite of 
bacterial contamination. In the failures, unlike the suture method, simple 
thrombosis occurred without secondary hemorrhage. 

Table III : In this series of ten animals the following changes were made : 

1. The performance of the anastomosis was delayed 24 hours after un- 
sterile ligation and division of the femoral artery. 

2. The dirty wounds were debrided before performing the nonsutuve 
anastomoses. 
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Fro. 9. — Specimens showing: aneurysms at the sites of anastomoses: note the an- 
eurysms in tile upper right of animal No. 1987 and the lower right of animal No. 2018. 
This latter one is almost completely filled with thrombus. 


3. Sulfanilamide was placed in the wounds of alternate dogs. 

4. The vein graft was taken from the opposite leg, and in generous lengths, 
to avoid tension upon the anastomosis. 

Results : Success in three of ten anastomoses. 

Table III 

RTiSUI.'IS WITH NONSUTURE METHOD OF BRIDGING ARTERIAL DEFECT IN FEMORAL ARTERV 
OPERATION PERFORMED 24 HOURS AFTER UNSTERILE LIGATION AND DIVISION OF FEMORAL ARTERY 

NO SULF.TTHIAZOLE 
Perfect Function but 

Perfect Function and Aneurysm or Partial Thrombosed Secondary Hemorrhage 

Structure (7 Days) Thrombosis (7 Days) (7 Days) (6 Days) 

3 15 1 

The successes in this group of 24-hour delayed anastomoses three out of 
ten represents a reduction of 25 per cent when compared with 12 out of 22 
successes in the six-hour delayed anastomosis group of Table II. This “fall 
off” in success occurred in spite of the fact that in the '24-hour group the 
wounds were carefully debrided immediately before performing the an- 
astomoses. 

Whereas the gross appearance of the wounds of the two series differed 
little during healing, the behavior of the anastomoses in the two groups 
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reflected, with remarkable sensitiveness, the true bacteriologic status of the 
two groups of wounds, namely, the state of bacterial contamination in tbe 
six-hour group and spreading infection in the 24-hour group. It is fair to 
state, however, that sulfanilamide was placed in the wounds at the time of 
the performance of the anastomoses in two out of the three successes in the 
24-hour group. 



Fig. 10. — Plio<ogr.ipli of two dogs, No. 2Jio (12 days) and No. 2002 (21 dajs) 
postoperatively; in wliich the right hind leg was amputated at the midthigh level and 
reiniplanted after having been kept in cracked ice for 24 hours. Moderate edema is 
still present in the 12-day animal. 

'fable IV: The experiments in this series of ten dogs are identical with 
the former series (Table III) except that each dog received one gram of sulfa- 
thiazole by mouth twice daily from the time of the initial unsterile wound 
until the day of examination of the anastomosis one week later. lve.sults : 
Success in eight out of the ten anastomoses, and one of the two failure.s was 
thought to be due to a technical difficulty in dealing with a venous valve. 


T.VBLr IV 

RUSUI-TS WITH NONSUTUKn Ml-TIIOD OP BRIDGING ARTI.RI M- DIIFHCT IN I'l.MOR \I. ARTPRY 
OPI'.R.VTION PERFORMP.D 24 HOURS AFTER UNSTPRILE l.!G\TION AND DIVISION OI I PMOR \I- ART! RY 
Perfect Function and Perfect Function but Thrombosed Secondary Hemorrhage 

Structure (7 Day«) Aneurysm (7 Day.s) (7 Days) (7 Days) 

8 0 2 * 0 

Table V is identical with the former series (Table I\'’) e.xccpt tliat 
Carrel suture anastomoses were performed in the ten animals. Results : 


* t)nc of these two was transporting blood satisfactorih hut after renu)\.il 
partial thrombosis to haw occurrtd within the \cin near the pioximal tube. 
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Four out of ten anastomoses were completely successful. Thrombi were 
found at the site of the anastomoses in four cases, complete thrombosis in 
one, and secondary hemorrhage in one case. 

Table :V 

RESULTS WITft CARREL SUTURE TECHNIC EMPLOYING FREE VEIN TRANSPLANT 
BETWEEN DIVIDED ENDS OF FEMORAL ARTERY 

OPERATION PERFORMED 24 HOURS AFTER UNSTERILE LIGATION AND DIVISION OF FEMORAL ARTERY 
Perfect Function but 

Perfect Function and Aneurysm or Partial Thrombosed Secondary Hemorrhage 

Structure (14 Days) Thrombosis (14 D.ays) (14 Days) (4 Days) 

4 4 11 

In addition to the simplicity and rapidity of the performance of the non- 
suture technic in comparison with that with the Carrel suture, the former 
succeeds far more regularly in the presence of bacterial contamination. The 
high percentage of favorable results (8o per cent) obtained with our non- 
suture method in anastomosing the small femoral arteries of dogs in 24- 
hour-old, dirty wounds, encourages us to believe that the method will succeed, 
when used in conjunction with the sulfonamides, if employed for the anasto- 
mosis of severed arteries in the war-wounded. It is our experience, and but 
logical to conclude, that the use of the method upon larger vessels will 
contribute to its greater success. It is reasonable to believe that in the 
clinical application of the method the factors of rest, wound splinting and 
postoperative care ; the elimination of pain and vasospasm ; and the possible 
use of anticoagulants would insure its success. 

BASIC REQUIREMENTS OF A METHOD OF ANASTOMOSING BLOOD VESSELS IN 

THE WAR-WOUNDED 

I. The method must afford a high incidence of success when used in 
badly contaminated wounds up to 24, or more, hours after injury. 

II. The method must be adaptable to the use of vein grafts for bridging 
arterial defects without complicating the technic or efficiency of the method. 

III. The method must be simple. 

Our experiments with the nonsuture metliod, when used in conjunction 
with the sulfonamides, affords convincing evidence that the method will 
fulfill requirement I. The method, employing the double tube technic, is 
peculiarly adaptable to the use of vein grafts, thereby fulfilling requirement 
II, whereas, the use of variable-sized vein grafts complicates the technic and 
greatly extends the performance time of suture anastomoses. As to require- 
ment III, the very simplicity of the nonsuture method commends its use in 
surroundings as crude and bare of equipment as the necessity of war may 
dictate. 

It is our sincere opinion that the nonsuture method of anastomosing 
vessels, as presented, meets all the requirements for successful anastomosis of 
the severed primary arteries in the war-wounded. The one factoi affecting 
the benefits from the method in this war would be the extent to which it is 
used, Throughout the history of wars there is no greater dilemma than that 
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faced by the surgeon in regard to the rationing of treatment to the wounded 
under the pressure of battle. In the last world war, for example, to what 
purpose would be the contemplation of a method of anastomosing a severed 
artery when, on a given occasion, there may be several soldiers whose lives 
needed saving. 

In consideration of a method of saving limbs in this war first thought 
must then be given to the question to what extent will surgical care be 
rationed? At the onset of the present European war, because of rapidly 
shifting battle fronts due to mechanized warfare, it became obvious that the 
seriously wounded would have to be operated upon and cared for in base 
hospitals far removed from the front, and the ambulance plane became the 
solution to the problem of evacuation of the seriously wounded. Once the 
plane is in the air it does not necessarily have to land its wounded at any 
one overworked base hospital. The wounded may be flown to hospitals where, 
under favorable conditions, experienced surgical teams can operate, and where 
postoperative care can be carried out continuously by the same team. The 
constantly shifting battle line requires tbe use of numerous mobile first aid 
and evacuation units where hemorrhage may be controlled, shock treated, bone 
splinted, and chemotherapy administered before evacuation of the seriously 
wounded. The above system has already successfully met the challenge in 
practice upon the Russian and other battle fronts in this war. It has proven 
sufficiently swift for the successful treatment of serious cranial, chest and 
gunshot wounds of the abdomen. It is qur opinion that the clinical course 
of the average case of severe extremity wound with severed primary artery 
lends itself to successful handling in this manner. The following is a case 
in point: 

Case Report. — A 40-year-old junk dealer was admitted to Presbyterian Hospital 
in deep shock. Three hours before, the patient had fallen beneath the wheels of his 
loaded wagon and the wheels had passed over the back of his right leg, causing a crush- 
ing laceration of all tissues superficial to the bone just above the knee joint. Following 
a transfusion of 1000 cc. his blood pressure rose and the wound began to bleed again. 
The leg which was cold and pulseless began to warm slightly and assume a slightly 
pink color. Exploration of the hematoma, which had dissected most of the posterior 
muscle planes of the thigh to below the knee, revealed the retracted ends of the popliteal 
artery which had been crushed against the femur. Blood clot was thoroughly evacuated. 
The ends of the artery were ligated with silk. The popliteal vein had been crushed and 
had become thrombosed. It was ligated above the thrombus with silk. The wound 
was thoroughly debrided, irrigated with saline, and sulfanilamide was implanted into the 
wound, which was left open and the leg splinted. Sulfadiazine was given intravenously 
and continued by mouth. 

Subsequent to operation the leg was placed at heart level. The location of the wound 
precluded the use of the Pavaex boot. The blood pressure was maintained and anemia 
corrected postoperatively by transfusions, and an alcohol block of the lumbar sympathetic 
nerves on the right was carried out. The man’s pain was controlled by opiates. Under 
continued sulfonamide therapy, the clinical course of this man from this point on was 
of extreme interest. In the first place, throughout bis entire postoperative course the 
patient developed no evidence of infection cither in the wound or systemically. For the 
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first 36 hours tlierc was no disagreement on the question of sufficient circulation to the 
foot to maintain life. The veins emptied freely on slight elevation and filled slowly at 
heart level. The foot was fairly warm and of pale hut living color. After an interval of 
qS hours traumatic edema began to register its first deleterious effect uiion the circula- 
tion, as evidenced by slight obstruction to venous return. These eft'ccts became in- 
creasingly manifest as venous engorgement, ciuinosis and slight edema of the foot and 
ankle through the 3rd and 4th da3's after injury developed. But it was not until the 
4th and 5th days that a declining temperature of the foot heralded the beginning of 
strangulation of the arterial collateral flow. From then on the tissue damage from 
anoxia became rapidly irreversible and gangrene was full blown by the 7th day 
after injury. 


We have presented the above case in some detail because it illustrates 
well some important clinical facts. In the first place the case is not dissimilar 
to a war wound. In illustrating the benefits of sulfonamide therapy, the 
conclusion seems inescapable that the onset of gangrene in this case was 
greatly postponed by the control of infection. One, likewise, gathers the 
impression that had there been a little more collateral circulation present, 
the period of traumatic edema might have been successfully tided over. It 
was equally obvious that a successful anastomosis of the popliteal artei'y per- 
formed at -any time up to the 5th day after this man’s injury would have 
saved his leg. Even after the onset of edema, reestablishment of blood flow 
through the artery would have permitted elevation of the leg with subsidence 
of the edema. 

It is our opinion that a war wound case of the above type may be suc- 
cessfully handled as follows: 

Control of hemorrhage (preferably ligation of the bleeding vessels). 

Treatment for shock and administration of chemotherapy by the first aid 
and evacuation units. 

Transfer by ambulance plane to a base hospital for debridement and 
evaluation of the status of the collateral circulation. 

Anastomosis of the primary artery may be undertaken when and if in- 
dicated. 

Our experience with the nonsuture vein graft method, when used in con- 
junction with the sulfonamides in anastomosing arteries in infected wounds 
24 hours after unsterile ligation, indicates a likelihood of functional success. 


HETEROPLASTIC VEIN GRAFTS 

By heteroplastic we mean a vein graft transplanted from one subject to 
another. In contemplating the use of the nonsuture method of anastomosing 
vessels under circumstances more adverse than the facilities afforded by a 
base hospital, we concede advantages attending the use of heteroplastic grafts. 
For example, the time necessary for completion of an anastomosis by an 
average operator with a vein graft at hand does not exceed 15 minutes. 
Important questions arise in considering the use of heteroplastic vein grafts 
for bridging arterial defects in the war-wounded, (i) How long would it 
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be necessary for an anastomosis to function to prevent the occurrence of 
gangrene? There is clinical and experimental evidence to support the opinion 
that if an anastomosis functions beyond the period of posttraumatic edema, 
up to 14 days, the limb will he saved. Reichert^ amputated (cutting all tissues 
except hone, large nerves, femoi'al aider}- and vein) and replanted the hind 
legs of dogs and showed that arteries developed across the replant line on 
the 3rd postoperative day. V eins and lymphatics regenerated on the 4th and 
5th days. He, likewise, proved that the regenerated vessels were functionally 
adequate on the 8th postoperative day by ligation of the femoral artery and 
vein without the occurrence of gangrene. However, if the artery itself is 
ligated alone gangrene of the leg can not be prevented until after the 14th day. 

(2) Will heteroplastic vein grafts function adequately when used to 
bridge vessel defects? To gain information on this important question we 
performed the following experiments. Figure 10 is a photograph of two 
dogs in which the right hind leg was amputated at the midthigh level. After 
an interval of 24 hours the legs were reimplanted, using the nonsuture two- 
tube technic and vein grafts from a 3rd and 4th animal to bridge the defects 
in the femoral artery and vein. The amputated limbs were preserved during 
the 24-hour interval in cracked ice. The dogs were given sulfathiazole, one 
gram twice daily, by mouth, from the time of the first operation. The photo- 
graphs were made 12 and 21 days, respectively, after reimplantation of the 
limbs, and there is every evidence of a good supply of arterial blood in these 
reimplanted legs. Correlation of these experiments with the informative 
studies of Brooks and DuncaiT^ on the efifects of temperature on the survival 
of anemic tissue is of interest. 

The sundval of the legs in these two dogs depended solely upon the 
function of vein segments transplanted from other dogs, and in this sense 
the experiments are critical. However, we have used heteroplastic vein 
grafts to bridge femoral artery defects in seven additional dogs. The anas- 
tomoses functioned for ly days (average), which is well beyond the postulated 
14 days of posttraumatic edema. 

The present surgical trend of removing the great saphenous vein in 
ligating incompetent communicating veins has afforded us an opportunity of 
examining a number of these veins. We found that the average great 
saphenous vein is suitable for use as a vein graft for bridging arterial defects 
using our nonsuture method. The vein may be removed in lengths up to 
40 cm., and is adaptable for use with vitallium tubes varying in diameter 
from 4—7 Mm. This means that the average great saphenous vein would be 
technically and functionally adequate for bridging defects in arteries varying 
in diameter from 4-12 Mm. This range of diameters would include the 
carotid artery or any artery one should care to anastomose in the extremities. 
The performance of our nonsuture method of anastomosis is not complicated 
by wide differences in diameter between the vein segment and the ends of 
the arteiy to be anastomosed. From a functional point of view, differences 
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in diameter up to 50 per cent are of relative little concern, for Mann^ has 
shown that the lumen of an artery may be narrowed 50 per cent without 
affecting the volume of blood flow through the vessel. It is not until the 
lumen has been constricted in excess of 75 per cent that a sharp decline in 
volume flow occurs. What does occur, of course, at the site of a somewhat 
narrowed anastomosis, is a compensating increase in the rate of blood flow' 
and this, in itself, is a protection against thrombosis at the site. 

PRESERVED VEIN GRAFTS 

We are now conducting experiments to determine the length of time 
that segments of veins may be preserved and function successfully when 
used to bridge arterial defects in dogs. CarreP showed that segments of 
artery preserved up to five weeks in a refrigerator functioned indefinitely 
when used as heteroplastic grafts to bridge arterial defects in dogs. It is 
fortunate that in this war the equipment for preserving the segments of 
veins, the refrigerator, will be always fairly close at hand. 

The most practical source of supply for veins suitable for use in bridging 
arterial defects in the war-wounded in active battle areas is via the pathologist. 
Segments of great saphenous, femoral, jugular or almost any sized veins 
may be removed aseptically by the pathologist. These veins may be placed 
in sterile test tubes and preserved in I'efrigei'ators against an occasion for 
emergency use. In less active battle areas, with the system of refrigeration 
it has been necessary to maintain for the transportation of blood plasma, it 
is not inconceivable to work out a plan for supplying great saphenous veins 
from civilian hospitals. 

The pne important thing to remember is that with a vein at hand, a 
severed carotid, or -an artery in an extremit}^ may be quickly joined together 
by using the simi?le nonsuture method of blood vessel anastomosis. 

SmiALARY 

The problem of blood vessel anastomosis deserves important considera- 
tion in this war because (i) advances in the control of serious infection 
and the possible use of anticoagulants afford, for the first time in the history 
of wars, a basis for success; (2) the outstanding cause of the loss of limbs 
in this war will be damage to the blood supply. 

We present vitallium as a nonirritating alloy suitable as a prosthesis 
for a vein graft bridging an artery or vein defect in a nonsuture method of 
vessel anastomosis using a single or double tube technic. 

We have presented carefully controlled experiments on dogs demonstrat- 
ing that sulfathiazole by mouth contributes greatly to the success of delayed 
anastomoses of severed vessels in contaminated wounds. Using sulfanila- 
mide in alternate wounds in a series of 77 anastomoses we have noted it to 
be of moderate but definite value.^*’ 

The nonsuture method was shown to be highly successful in anaslomosing 
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the small femoral arteries of dogs, even in contaminated \vounds 24 honrs 
after section of the artery, and without the nse of anticoagulants. 

We postulated that vein graft anastomoses of the severed primary artery 
in the war-woimded would jnevent the loss of the extremity by gangrene 
if the anastomosis remained patent beyond the period of ])osttranmatic edema, 
up to 14 days. 

Experiments arc ]:)re.sentcd showing that veins taken from one dog may 
continue to function in another when u.sed as transplants to bridge vessel 
defects. Ftir example, the successful reim]>lantation of limhs 24 honrs after 
their removal. These exiieriments afford a pro.spcct for the use of preserved 
veins as grafts for bridging vessel defects in the war-wounded as an alternate 
to the nse of homoplastic transplants. 

COXCLU.SIOXS 

If. as stated in the British War Afemorandnm. the indications for air.pn- 
tation arc to he ha-<cd primarily ni)on the integrity of the main hlood ves.'Cls. 
a simple, quick method of joining vessels together should have much to 
commend it in this war. The control of serious infection, and the possil.lc 
use of anticoagulants, would .seem to insure success of the method. 
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THE INTRACTA1H.E DUODENAL ULCER* 

EVALUATION OF SURGICAL PROCEDURES 

J. AVilliam Hinton, M.D, 

New York, N. Y. 

During the past decade even surgeons have admitted that medical 
management is the treatment of choice for duodenal ulcers and that surgical 
intervention should be confined to the intractable cases. The decision as to 
intractability varies greatly in dififerent hospitals and clinics and the indica- 
tions for operation which were used a generation ago are frequently used 
today, namely, obstruction, massive hemorrhage, a perforating ulcer, and 
the fact that the patient refuses to cooperate under medical management. It 
is perhaps because of the elasticity of indications for surgical intervention that 
gastro-enterologists question the advisability of any type of surgical procedure 
for duodenal ulcer. 

My impressions, based upon 15 years experience in stomach clinics, lead 
me to question the above named indications for surgical intervention. On 
tbe Fourth Surgical Division of Bellevue Hospital we have observed 1,328 
ulcers, reiiresenting 25,218 visits, and at Post-Graduate Hospital, since 1931, 
676 ulcers have been seen, representing 7.628 visits. During the past ten 
years, in our experience, the only true indication of intractability in the case 
of a duodenal ulcer, has been constant pain. Relief from the continuous pain 
can not be obtained under any form of medical management, and sedation 
is frequently necessary to induce sleep. 

Pyloric obstruction is still referred to in the literature as a true indica- 
tion for surgical intervention. The stenosing and obstructing ulcer has 
recently been reviewed by Allen,'' who states that the stenosing lesion “finally 
becomes a mechanical problem and the patient seeks help because he can 
no longer absorb nourishment to maintain life. The onset of such a condi- 
tion is a gradual one, and the end-stage is reached so insidiously that one 
often finds that the stomach has become enormously dilated. It is interesting 
that such an organ emptying infinitesimal amounts of its contents into the 
duodenum, can exist within a person and create so little distress.” In the 
two clinics with which I am associated, it has been our experience that a 
stenosing or obstructing ulcer, not accompanied by pain, does not require 
surgical intervention. These patients can be relieved by medical manage- 
ment and obstruction does not recur provided they remain free from pain. 

Wilkinson- emphasizes the duration of the obstruction as the important 
factor. He states that an obstruction of three months duration, or less, 
will respond satisfactorily to medical management but in the case of an 
obstruction of three months, or longer, recu rrences are almost certain and 

* Read before the Surgical Section of the New York Academy of’ Medicine, 
December 4, 1942. 
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a moderate degree oi shock, constitutes massive liemorrhagc, then we arc 
ol)viously agreed that the patient has suffered a great ]oss_of l)lood. 

Surgical management of these patients may be considered under two 
headings : Surgical intervention in the stage of acute hemorrhage, which is 
occasionally indicated j and second, surgeiy as an elective procedure to pre- 
vent further hemorrhage. My views regarding the first mentioned type of 
management have been expressed in previous publications.^'- The indica- 
tions for surgery as an elective procedure are interpreted differently in 
different hospitals. The point emphasized by Alleiff as to the dangers of 
massive hemorrhage in the different age-groups has been fairly universally 
accepted. That is, in a patient over 45 years of age, the prognosis is serious, 
while in a patient under 45, massive hemorrhage rarely proves fatal. Black- 
ford and Cole" have confirmed this observation. Blackford and Allen," in 
a report of 151 fatal hemorrhages, record that in only 35 cases, or 23 per cent, 
was tliere a history of previous hemorrhage, or in other words, 77 per cent 
of the fatalities occurred following the first hemorrhage — an interesting oli- 
servation, with definite clinical significance. These authors also observed 
that 34, or 23 per cent of the deaths occurred at home. We have always 
felt, in considering massive hemorrhage from peptic ulcer, that unless patients 
are admitted pnder similar conditions the severity of the hemorrhage may he 
different. In a hospital with an active ambulance service the type of cases 
is different from those in the average hospital. The report of Blackford and 
Allen" indicates that, not infrecpiently, patients die at home before ever 
reaching a hospital. They state that fatalities in patients under 45 are rare, 
whether or not patients receive treatment, and that in patients under 40 
fatalities are almost unknown. On this point, we must disagree. Since 
1937, on the Fourth Division at Bellevue Hospital, I have had occasion to 
operate upon three patients who were medical failures, having had chronic 
ulcers for periods averaging from 5 to 15 years. These patients were suffer- 
ing from intractable pain and were being prepared for operation on the 
surgical wards, when they had massive hemorrhages. Amazingly enough, 
all of them occurred within 24 to 48 houi's of the day set for the elective 
operation. This group of cases included two duodenal ulcers perforating 
into the pancreas, and one gastrojejunal ulcer eroding into the transverse 
mesocolon and the pancreas. All three patients were saved by operative 
intervention. Massive blood transfusions were given before, during and 
after operation, and a subtotal resection was performed in each case. The 
patients were 27, 37, and 42 years old, respectively. Two patients were 
admitted as emergencies, with whom we had had no previous contact. One 
of them, 44 years of age, had a duodenal ulcer and the other, 33 years old, 
had a gastric ulcer. A subtotal resection was performed in each instance. 
The former patient died, the latter lived. There has been one other case 
ill our division, a gastric lesion that resulted in a fatality while the author 
was out of town, but this case was proved at autopsy to be not an ulcer but 
a small ulcerating carcinoma. 
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in the hospital I advised against operation, and recommended medical man- 
agement, and after three weeks the niche disappeared, the symptoms were 
relieved, and the patient has remained well since that time (Fig. 2). The 
indication, therefore, for surgical intervention in the penetrating ulcer can 
be decided only by the clinical course, and not by the roentgenologic appear- 
ance of the lesion. 

The patients who will not cooperate under medical management should 
not be operated upon. If one accepts this type of case as an indication for 
operation the results from an)'^ type of surgical procedure, whether it be a 
gastro-enterostomy or a subtotal resection, Avill be most unsatisfactory. 

There is a great difference of opinion as to why we obtain good results 
in any surgical procedure for a duodenal ulcer. Perhaps the most generally 
accepted opinion is that it is due to a reduction in the gastric acidit}^ whether 
the operative procedure has been a gastro-enterostomy or a subtotal resection. 
We started 15 years ago to observe patients treated both medically and 
surgically, and to evaluate the reasons for failure in each group. We soon 
realized that a gastro-enterostomy undertaken for the adequately treated 
cases was very unsatisfactory. In our clinics at Bellevue Hospital we found 
that patients whom we were referring for gastro-enterostomy 12 to 15 years 
ago, constituting the intractable case with severe pain, obtained very poor 
results from surgery. The author personally had performed 29 gastro- 
enterostomies for duodenal ulcer in this group, and was amazed at the high 
percentage of failures from the short-circuiting procedure, so it was abandoned 
completely after 1932. 

It is difficult, if not impossible, to evaluate tlie pathologic process in a 
duodenal ulcer unless a subtotal resection is done, and in the 29 gastro- 
enterostomies the ulcer was described as anterior in 14 instances, posterior 
in 13, and anterior and posterior in two instances. That is interesting when 
one evaluates 75 subtotal resections performed for duodenal ulcers in the same 
clinic, in which group there were 80 per cent posterior wall ulcers, with 
a definite chronic pancreatitis, in ten instances, or 13 per cent, there was 
both an anterior and a posterior wall ulcer, with pancreatitis, and in only 
five, or seven per cent, was there a single anterior wall ulcer. The ages 
of the patients in the two series were identical — 37.1 per cent for the gastro- 
enterostomies, and 37.1 per cent for the subtotal resections. The symptoms 
in the gastro-enterostomies had persisted for 5.4 years and in the subtotal 
resections 5.3 years, which would indicate that we were treating, in all 
probability, identical ulcers. 

The exact location of the duodenal ulcer is impossible to determine 
unless a subtotal resection has been performed. This point is illustrated in 
Figures 3, 4, 5 and 6. 

Our opinion as to the best surgical procedure for intractable duodenal 
ulcer has been arrived at by evaluation of the results obtained from gastro- 
enterostomies performed in the stomach clinic of the Fourth Division of 
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subtotal resections. Little stress is placed upon ridding the patient of the 
inflammatory mass, which would seem to be essential in obtaining a good 
result. 

Colp^® reported 502 subtotal resections, with 40 recurrences, and in 33 of 
the 40 the ulcer had been removed. He is definitely of the opinion that 
the removal of the ulcer has little to do with the recurrence and he goes 
on to state that the incidence of recurrence will be minimal in cases of 
anacidity but if free acid is present after operation the incidence of recurrence 
is going to be much greater. From my observations of patients in our clinics 
and in private practice, where the ulcer has been left in situ by other sur- 
geons, there are more unsatisfactor}^ results than in cases in which the ulcer 
has been removed in toto. A recent report^^ from our clinic at Bellevue 
Hospital shows that in none of the cases operated upon on our service, 
who have been followed, was a gastrojejunal ulcer found. In this group we 
had 104 subtotal resections followed on an average of 2.88 years, and these 
patients had made 1,822 visits, or 18 visits per patient. No case was reported 
which had not been followed for one year or longer. Sixty-five per cent 
of these patients were cured, which means they were completely symptom- 
free. Twenty- five per cent were improved, and the chief reason for placing 
them in this group was weight loss, without pain. The weight records in all 
cases of subtotal resections are interesting. In 47.6 per cent there was a 
weight loss, in 39.2 per cent the weight remained unchanged, and 8.4 per 
cent they lost and then gained weight. 

If one accepts the teaching that achlorhydria is the goal to reach in sub- 
total resection, then there is a definite reason, in all instances, for removing 
the p)dorus and the adherent ulcer. Experimental evidence shows that the 
mucosa of the pyloric end of the stomach affects the secretion from the 
cardia and fundus of the stomach by the hormone “gastrin,” as shown by 
Edkins,^^ and Koch, Luckhard and Keston.^^ These authors believe that 
the hormone is produced and thrown into the blood stream by the pyloric 
mucosa. Because of the similar action of histamine upon the gastric mucosa, 
several authors believe this hormone to be histamine. However, recent work 
on isolated and denervated gastric pouches with histamine-free extracts demon- 
strated the true hormone character of the internal secretion of the gastric 
mucosa.^^’ 

There is little doubt that in those cases in which a subtotal resection of 50 
to 75 per cent of the stomach is done and the duodenal ulcer is left in situ, 
the follow-up results are far from satisfactor)^ This point has been stressed 
by Friedell, Shaar and Walters,^’^ in Avhich they state “while the prognosis 
as to ultimate cure and certainl}' as to the immediate relief is favorable, it 
surely does not present the same chance of a complete cure that pyloric 
remoA'al does,” and they cite a case in which the pyloric portion of the 
stomach and the duodenal region was not removed, but the gastric mucosa was 
di.ssected from the remaining pyloric stump. Analysis of the gastric con- 
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of duodenal ulcer cases. The fact that the surgeon had decided against the 
attempt to remove the pylorus was an indication that this group represented 
a particularly severe grade of peptic ulcer and might be expected to show a 
higher percentage of recurrence.” 

Whether or not a hormone is secreted by the pyloric end of the stomach, 
there seems to be little doubt, in some of the clinics with large experience 
\Mth subtotal resections, that in those cases in which the duodenal ulcer is 
left jfi situ the results are not as satisfactory as when it is removed. The 
tvo previous reports var}’- as to their interpietation. One states that the 
result is due to increasing incidence of the acid ; the other that it is due to 
a more virulent type of ulcerative process. If the latter opinion is correct, 
then there is every reason for removing such a lesion. 



TECHMC OF SUBTOTAL RESECTION 

During the past ten years in every operation for duodenal ulcer, I have 
removed 65—70 per cent of the stomach, and the pylorus and the duodenal 
lesion in toto. One is constantly seeing in the literature statements to the 
effect that the lesion could not be removed due to the technical difficulties 
encountered. From my experience during the past ten years, vhich, in the 
clinics and private piactice, includes over 150 cases, no case has been en- 
countered in which the ulcer could not be removed. One of the very 
interesting phases of the so-called difficult lesion is the relative ease with 
which the apparently difficult ulcers were removed. Some of the smaller 
lesions are often much more difficult to remove technically than the large 
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ment applies to the large inflammator}^ masses around the pancreas and duo- 
denohepatic ligament. 

The technic follo\\ed is to divide the gastrocolic omentum just iDroximal 
to the adherent mass and carry this proximally along the greater curvature 
to a point well above the reentrant angle of the stomach, after which the 
vessels in the gastrohepatic omentum are divided and then the stomach 
tiansected from right to left above the reentrant angle. This procedure 
provides an opportunity for exposing the adherent mass in the pancreas and 
duodenohepatic ligament and for freeing it under better visualization. After 



Fig 7 — The duodenal ulcer can ahiajs be removed and the stump closed 

the inflammatory mass has been completely separated, the duodenal stump 
is carefully closed with cotton sutures using four layers to completely invert 
the stump and bury it in the head of the pancreas in the region of the previous 
perforation (Fig. 7). The most important part of the whole operative pro- 
cedure, as it affects mortality, is the closure of the duodenal stump. After 
this the continuity between stomach and jejunum is reestablished, as illus- 
trated in Figure 8. Three layers of cotton sutui'es are used posteriorl}'^ and 
three layers anteriorly. The abdomen is aluays closed, without drainage, 
by using interrupted cotton sutures for the peritoneum, the fascia and the skin. 

The preoperative caie of ulcer patients is an important factor in their 
surgical management. In a pievious report,^” pre- and postoperative physio- 
logic balance was discussed, and the course of those patients operated upon 
on the Fourth Surgical Division at Bellevue Hospital evaluated. These 
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surgery has I'ccently been reviewed b)'’ us.-® Spinal anesthesia has not been 
used in any of the resections during the past ten years. 

'Die postoperative management of these patients is important. A'lor])lune 
should he used very sparingly. Large doses deju'ess the respiratory tract, 
and, as Waters-' has aptl}' put it, “the cough reflex is eliminated which is 
the janitor of the respiratory tract.” The patients are turned from sicle- 
to-side every hour. They are given an average of 5 mg. Magendi solution 
preoperatively and 15 mg. postoperativel}^ The Levine tube is passed one 
hour before operation, it is irrigated ever}'^ hour postoperatively for 48 hours 
and left open for gravity drainage. Fluid is given by mouth as soon as the 
patient reacts, as it serves as a cleansing agent for gastric mucin. Post- 
operatively, the intravenous administration of fluid should be carefully 
watched as these patients are well hj'drated preoperatively. During the first 
24 hours, postoperatively, they should receive not more than 2,000 cc., and 
after 48 to 72 hours, intravenous administration of fluids may be dis- 
continued. 

In a previous report-- of operations at Bellevue Hospital, by the author, 
there were 102 subtotal resections for ulcer, with five deaths, one of which 
was attributed to pneumonia and the other four to peritonitis. Of the 102 
patients, 33 had previously undergone gastric surgery. These cases, of 
course, are from a municipal hospital, without special nurses, and with all 
the other handicaps under which one works in taking care of major surgical 
cases in such an institution. 


CONCLUSIONS 

1. From my personal observation of a large number of chronic duodenal 
ulcers, I believe that the only indication for operation is uncontrollable pain 
which does not respond to any form of medical management. 

2. When these patients are submitted to surgery, there is onty one 
operative procedure which seems justifiable, namely, a subtotal gastrectomy, 
with removal of the pylorus and the ulcer in fofo. 

3. If the indications given above have been observed, gastrojejunal ulcer 
is a most uncommon occurrence following a subtotal resection. 

4. Gastrojejunal ulcers will, of course, follow subtotal resections unless 
the patient has been given every chance under conservative management. 
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NITROGEN METABOLISM, CALORIC INTAKE AND WEIGHT LOSS 
IN POSTOPERATIVE CONVALESCENCE^' 

A STUDY OF EIGHT PATIENTS UNDERGOING PARTIAL GASTRECTOxMY 

FOR DUODENAL ULCERS 

John H. AIuLiioLLAND.t M.D., Co Tui, M.D., Arthur M. Wright, AI.D., 

AND Vincent J. Vinci, M.D. 

New York, N. Y. 

FROM THE DEPARTMENT OF SURGERY. AND LABORATORY OF EXPERIMENTAL SURGERY, NEW YORK UNIVERSHY 
(.01.1. EGE OF medicine; AND THE NEW YORK UNIVERSITY SURGICAL DIVISION OF BELLEVUE HOSPITAL, N. V. 

The science of nutrition has not until recently engaged the serious 
attention of the surgeon. This is attributable to several factors. The nausea 
and vomiting, the impairment of appetite and the derangement of digestive 
processes caused by anesthesia, and the pain and the emotional stress con- 
nected with an operation, and by the operation itself, are not conducive to 
healthy alimentation. Added to this may be mentioned the fear on the part 
of the surgeon of placing food into a visens which has been the site of a 
recent operation. However, since the usual surgical case requires dietetic 
restriction only for a few days postoperatively, and since most patients come 
to operation with enough body stores to tide them over this lean period, 
the surgeon has rarely been impelled to regard nutrition as a matter of any 
urgency. 

The work on the role of hypoproteinemia in surgical conditions by Jones, 
and his coworkers, ^ Ravdin, and his associates,-’ ® Koster and Shapiro, and 
Plartzell, and his coworkers, ° the study by Cuthbertson,® in England, of nitro- 
gen loss, sometimes called the “toxic loss of nitrogen,” and by Elman, ~ and 
Brunschwig, et al.,^ in this country, and the demonstration by these last two 
workers of the safety and feasibility of intravenous alimentation, constitute 
a new chapter in sui'gery. The work of these men has, at last, linked surgery 
with the basic work of pioneers like Van Slyke, Rose, Whipple, Madden, 
Weech and others. 

While it is true that most surgical patients need little nutritional atten- 
tion, there are surgical conditions in which the maintenance of the nutritional 
state is a matter of grave importance. One of these conditions is peptic 
ulcers. Thus, Riggs, Reinhold, Boles and Shore® found statistically signifi- 
cant deficiencies in serum total protein, albumin and vitamin C concentrations 
in a group of 52 cases of peptic ulcer. Many of these ulcer patients, either 
as a result of dieting or of repeated bleeding, have lost considerable weight, 
with the blood protein at or below the lower limit of normal, and the body 
stores well depleted. Some lend themselves to preoperative “building up,” 
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Kg., he was lifted by an orderly and the weights of both the orderly and the 
patient were taken, after which the weight of the orderly was then sub- 
tracted from the combined weight. If he was over 6o Kg., he was i^laced on 
a stretcher and the loaded stretcher was then weighed on two scales, the 
two front wheels on the platform of one scale and the hind wheels over 
that of another. The two scales used in this work were sensitive to within 
25 Gm., so that where two scales were used, the sensitivity would he de- 
creased by half, and the margin of error would be in the neighborhood of 
50 Gm. Since it was not the absolute weight but the comparative readings 
taken over several weighings for the construction of the weight curve, which 
was important, this margin of error was not serious. 

The Fluid Intake . — In the control group, the fluid intake was maintained 
mainly by intravenous infusions of 5 or 10% dextrose solutions in distilled 
water or in physiologic saline, some for the first four or five days and some 
for a longer period. Occasionally amigen solution was also given intraven- 
ously. The amount lost by gastric suction was replaced by a corresponding 
amount of saline, according to Coller and Haddock’s’® principle. This ac- 
counts for the large fluid and NaCl intake of the first four to six days in 
both groups. After the first four or five days, when fluid intake by mouth 
was being gradually increased, the infusions were tapered off correspondingly. 

In the feeding group, the first two cases (A. V., Table V and F. R., 
Table VI) had a large number of intravenous infusions. In the last two 
cases, however, infusions were given only in the first postoperative 12 hours 
and thereafter the fluid intake was entirely given through the feeding tube 
or by mouth. 

The Chloride Intake . — An attempt was made not to exceed the chloride 
intake of nine grams daily. However, the problem was complicated by the 
loss of fluid through the gastric suction. As stated above, the Coller and 
Haddock’® principle required this amount to be replaced quantitatively in 
physiologic saline, and this accounts for the apparently unduly large amount 
of sodium chloride the first four to six days. Flowever, a possible source of 
error is present in this volume-for-volume replacement. If the suction 
were continued while the patient took a drink of water, the drainage might 
contain less sodium chloride than was assumed in the Coller and Haddock 
principle and, consequently, the patient would be given more sodium chloride 
than he needed. In order to obviate this, the suction was turned off for 
half an hour after each drink. Whether in this time the water had all passed 
out of the stomach or become isosmotic with systemic fluids is not known. 

The Caloric and Nitrogen Intakes . — In the control group, the caloric 
intake was derived from three sources : (a) Infusion of dextrose solutions, 
four calories being assigned to each gram of dextrose; (b) peptonised milk 
and the usual articles of soft diet, the caloric and nitrogen values of which 
were taken from the dietitians’ chart; and (c) the few calories and small 
amount of nitrogen derived from the plasma proteins in the blood trans- 
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MULHOLLAND, CO TUI, WRIGHT AND VINCI v' 

with a convenient amount of physiologic saline or water to make the mixture 
easily instillable by means of a syi'inge through the feeding tube into the 
jejunum. The feedings were so spaced that from 50 to 150 cc. was given 
every hour. A larger amount might cause nausea and vomiting, either as 
a result of distention or of too rapid an absorption resulting in hyperamino- 
acidemia. The balance of the mixture was kept in the refrigerator, since 
it is a fertile medium for bacterial growth, and decomposition easily sets in. 

Collection and Care of Specimens. — The 24-hour urine was preserved 
with thymol, measured, and kept on ice. In some cases in both grou])s, 
both urine and gastric suction specimens were sometimes pooled for two 
or three days and an aliquot part of the pooled specimens taken for nitrogen 
determination. In these instances the total nitrogen over the number of 
pooled days was recorded in the tables as one figure. The Wangensteen 
drainage (gastric suction) was preserved in sulfuric acid. Likewise pre- 
served in sulfuric acid, were the stools collected and pooled over the study 
period. The discharges from the wounds were never large enough to be 
taken into consideration, random samples yielding negligible amounts of 
nitrogen. 

The samples of blood for blood plasma protein determinations were 
taken in one of two ways. Where the specific gravity method of Barbour 
and Hamilton^^ was used, the anticoagulant used was heparin. Where a 
chemical method was used, the anticoagulant was sodium oxalate. The 
hematocrit was determined in the Sanford-Magath tube, and in most cases 
was read each time the plasma proteins were determined. 

Chemkal Methods. — As stated above, when the total plasma protein 
concentration only Avas needed, it Avas determined b}' the specific graAoty 
method of Barbour-Hamilton,^^ using the apparatus designed by these authors. 
Where it was desired to obtain the albumin and globulin figures, the method 
of Wu and Ling as modified by Greenberg^- was used. 

In determining the nitrogen of the urine, stool and gastric drainage, the 
method of Rappoport as modified by Levy and Palmer^^ Avas used. 

ANALYSIS OF THE TABLES 

The fluid, caloric and nitrogen and NaCl intakes have been discussed 
in a foregoing section of this paper. 

Fluid Output. {Gastric Suction) — By this item is meant the amount of 
drainage, in cubic centimeters, yielded by the Wangensteen apparatus each 
24 hours. The suction Avas kept up for from four to seven days. The 
amount in cubic centimeters varied from a minimum of 400 cc. (V. B.) to a 
maximum of 2,800 cc. (A. V.). As mentioned before, this source of fluid 
loss complicated the problem both of fluid and of sodium chloride replace- 
ment. The drainage of J. S. contained visible blood for the second and 
third days. The amount of nitrogen lost from this source Avill be discussed 
under the heading of '"Gastric Nitrogen.” As a rule, the suction tube Avas left 
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in place for a shorter time in the control cases than in the feeding cases, 
in whom it was needed for feeding. 

Urivory OiitpiU. — As might be expected from what has been said of 
the fluid intake, there was more fluctuation of the urinary volume in the 
control group than in the feeding group. Generally speaking, however, 
the urinary volume was quite adequate. The smallest output was 650 cc. 
for the first day of A. V., the first feeding case, when no provision was 
made for the gastric drainage. The fluctuations in the control group existed 
throughout the course of the convalescence, while in the feeding group tlie 
urinary volume was fairly well stabilized to from 1,000 to 1,900 cc. after 
the gastric suction was discontinued. The widest fluctuations were in the 
case of F. W., a control case, whose outi^ut ranged from a low of 700 cc. to a 
high of 3,550 cc. Incidentally, he also had a low blood plasma protein con- 
centration of 5.23 Gm.% at the time of this excessively high output. 

Urinary Nitrogen . — In the control group, except for R. B., the nitrogen 
excretion in the urine averaged respectively 13.69, 15.46, 18.03 ii-74 

Gm. daily. These figures are in the neighborhood of urinary nitrogen figures 
given for the ten days of complete starvation, as found in Succi, Cetti and 
Levanzin.^'^ They are, except for R. B., all above the 13 Gm. given as the 
nitrogen excretion of average persons. Brunschwig, et al., gave figures for 
two cases of gastric resection, one, excreting 73.53 and the other 175.79 Gm. 
of nitrogen in ten days, averaging 7.35 and 17.58 Gm. respectively. Just 
how much of this excreted amount is “toxic loss,” how much is starvation loss, 
as modified by previous undernutrition, is not clear. 

In the feeding group, A. V. was taking an average of 17.78 Gm. of 
nitrogen and excreting an average of 11.21 Gm. daily; F. R. was taking in 
23.22 and excreting 9.77 Gm. daily ; V. B. was ingesting 28.04 
creting 13.33 Gin-j while P. P'. was ingesting 35.63 and excreting 21.81 
Gm. These figures suggest that A. V. and F. R. were ingesting per- 
haps less than the}^ could fully utilize; that V. B. was perhaps getting 
the optimum amount, and that P. F. was perhaps ingesting an amount above 
the optimum. Both F. R. and V. B. had blood transfusion reactions, which 
no doubt accounted for the large amount of urinary nitrogen excreted during 
the days immediately folloAving the transfusion. This would tend to intro- 
duce an error in the amount of nitrogen actually lost from the bod)^ 

Gastric Nitrogen . — This item represents the amount of nitrogen lost in 
the Wangensteen drainage. In the control group, the figures were, minimum 
.771 Gm. (D. R.), maximum 25.368 Gm. (J. S.), for any one day. The 
blood in the drainage of J. S. accounts for a part of this nitrogen. The 
average daily loss was 3.18, .815, .216 and 17.45 Gm. Aside from 
hemorrhage as a source of nitrogen loss, it is quite possible that the 
oozing of exudate from the operated viscus ma}^ also have contributed to this 
loss. In the feeding group, the a^^erage daily losses were higher, being 
5 - 33 > 3-3 and 4.15 Gm., i-espectively, but how much, if any, of it 
represented refluxed feeding from the jejunum has not been ascertained. 
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Even taking the loss in the control group as the more nearly actual figure, 
it is clear that a considerable amount of nitrogen can be lost from this source. 

Fecal Nitrogen. — The fecal nitrogen in both of these groups is low, 
with a tendency in the feeding group to be. slightly higher. The only subject 
who almost approximated the classical average daily norm of 1.3 Gm. was 
V. B., in the feeding group, with an average of 1.25 Gm. of nitrogen ex- 
creted in the stools. In the control group, the lowest daily average was .21 
Gm. (J. S.), and the highest 0.815 Gm. In the feeding group, the lowest 
daily average was 0.601 (A. V.) and the highest 1.26. dTese low figures 
are suggestive of the low fecal nitrogen excretion of Benedict’s^''^ subjects 
under prolonged restricted feeding. 

Total Nitrogen Output. — The daily total nitrogen output averaged 13.69, 
16.4, 9.24 and 20.13 Gm. daily in the control group, and 12.33, 12.78, 
17.3 and 15.38 Gm. in the feeding group. In the control group, therefore, 
the average total nitro.gen loss of two cases is significantly higher than that 
found in complete starvation. The day-to-day output, however, fluctuated a 
great deal, and in three out of four control cases there were always some 
days when the output was considerabl}'^ higher than that found in starvation. 

The Nitrogen Balance and the Cumulative Nitrogen Status. — Except for 
the first day in the case of F. W., none of the four cases in the control 
group achieved nitrogen balance during any of the days under study; the 
nearest approximation to a balance was a loss of 0.61 Gm. of nitrogen on the 
part of F. W. on the 12th postoperative day. The average daily nitrogen 
losses were 10.37, 10-28, 3.73 and 16.4 Gm. daily. The sum-total of these 
losses were 114.09, 82.21, 44.8 and 141.11 Gm., respectivel3^ This cumulative 
deficit is entered under the column entitled ‘‘Cumulative Nitrogen Status’’ 
in the tables. 

In the feeding group, except for the three days of withholding feeding, 
positive balances were registered on all the days. The cumulative nitrogen 
surplus, after subtracting the deficit of the three “lean” days, were 38.25, 
114.88, 130.95 and 123.56 Gm., respectively. This surplus is also entered 
under the heading of “Cumulative Nitrogen Status.” 

The Hematocrit and Plasma Protein Determinations. — In the absence of 
blood volume determinations and in the presence of multiple infusions, espe- 
cially in the control group, these determinations have been robbed of much 
of their absolute value. Generally speaking, however, the tendency of the 
plasma protein level was downward in the control group, and upward or rela- 
tively stationary in the feeding group. This finding in the feeding group is 
more significant than the figures in the control group because of the better 
regulated fluid intake and the comparative absence of infusions. The sharp 
upswing of the total plasma proteins and hematocrit from 5.35 to 7.04 Gm.% 
in the case of F. W. is a bizarre phenomenon. Whether it is due to an hemo- 
concentration or to a rise of blood proteins, even while the body was still 
losing nitrogen, is only a matter of speculation. 

In the case of the hematocrit values, the tendency of bolli groups is to 
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Theoretically, the body weights of patients with hypoproteinemia may be 
higher than the actual weight, as a result of the loss in colloid osmotic 
pressure of blood proteins and the retention of water by the tissues (latent 
edema). In such a circumstance, the body weight would be sustained at a 
falsely high level, to undergo a sudden drop with restoration of colloid 
osmotic pressure to the blood. With D. R. there was no suggestion of this 
phenomenon taking place. With F. W., the only other patient with 
definite hypoproteinemia, the loss of only 260 Gm. of body weight in the 
first three days, in the face of a blood protein which fell from 6.3 to below 
5.5 Gm. per cent, and the loss of 2,130 Gm. on the fourth day after the 
excretion of 3,550 cc. of urine on the previous day, is suggestive of this 
mechanism having been operative. 

The Period oj Hospitalization . — This study was not carried out with an)' 
planning, but was really an afterthought. A number of factors entered into 
determining when this period should be terminated, among them whether 
a patient has relatives at home to take care of him after his discharge. It 
is apparent that a patient living alone must stay in the hospital until he is 
stronger. In a future series, it is planned to have a better control of this 
factor. Meanwhile, the number of days of hospitalization of these two 
groups are interesting : 


Control Group Days 

Name 

D. R 3S 

R. B 21 

F. W 21 

J. S 17 


Av. 23.5 

22 

17 

14 

14 


Feeding Group 

A. V 

!•'. R 

V. B 

P. F 


Av. 16. 75 days 

There is, thus, a shorter hospitalization period of 6.25 days in the feeding than 
in the control group. 

Infusions and Transfusions: The number of infusions and transfusions 
administered to the patients in these two groups are shown in Table X. 



No. of Days 

Table-X 

Total Infusions 

No. of 

Total Amount of 
Transfusions 

Control 

of Infusion 

Given — L. 

Transfusions 

Blood Cc. 

Plasma Cc. 

D. R 

10 

18 

4 

1,000 cc. W.B.’ 

'= 1,000 cc. 

R. B 

7 

19.5 

6 

1,500 cc. 

1.050 cc. 

F. W 

2 

7 

1 

500 cc. 


J. s 

5 

12 

1 

500 cc. 


Feeding 

A. V 

2 

3 

1 

500 cc. 


F. R 

4 

12 

1 

500 cc. 


V. B 

1 

4 

0 

0 


P. F 

1 

2 

1 

500 cc. 



*W. B. = Whole blood. 
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It will be seen that both the number of infusions and transfusions were 
markedly reduced in the feeding group. This was also the experience of 
Stengel and Ravdind'’ with their orojejunal feeding cases. In the last two 
patients, V. B. and I’. the. infusions were given in the first 12 postopera- 
tive hours, and V. B. had no transfusions, while the transfusion in P. F. 
as a result of the severe reaction seemed to have been more harmful than 
otherwise, reducing the hematocrit value significantly, and could well have 
been dispensed with. The greater comfort to the patient in the use of fewer 
infusions and the economic advantage of reducing the number of transfusions 
are considerable. 

Postoperative Asthenia . — While the usual postoperative debility was pres- 
ent in the control group, it was interesting to note that it was minimal in 
the feeding group. This was most apparent in the last two feeding cases, 
V. B. and P. F., who got restless and asked to get up in a wheel chair on 
the eighth day. On the twelfth day they were helping move beds and weighing 
fellow patients. This absence of. postoperative debility was also observed by 
Brunschwig, et at., in one case, a patient who had gained 20.39 Gm. of nitrogen. 
Although this absence of asthenia seems to he definite in this series of 
four patients, it is still impressionistic. In a future series we propose to 
study this subject objectively. 

Disadvantages oj the Feeding Method . — The main disadvantage of this 
method of feeding is the discomfort caused by the presence of the nasal 
tube. This discomfort is relieved in 24 hours after the tube is removed. 
The other disadvantage is the objectionable taste of the mixture. When 
the mixture is administered through a tube, this difficulty is circumvented, 
but many patients rebel against taking it orally. If the patient is told that 
it is a “build-up medicine” which he will not have to take for more than a 
week (after the five to six days of tube feeding), however, he can usually be 
persuaded to “down” the mixture. Occasionally diarrhea occurs. Whether 
this is due to overfeeding or to other factors has not been determined. 

In this series of four feeding cases, and in a large series of feeding with 
amigen and nutramigen to patients who were not under study, there was 
never an}'- distention encountered. 

DISCUSSION AND COMMENTS 

The question arises, how does this attempt to maintain caloric and nitrogen 
equilibrium postoperatively differ from previous attempts? None of the 
technics employed in this study are essentially new. Various technics of 
postoperative tube feeding have been periodically reported. Elman and 
Brunsebwig showed the feasibility of achieving nitrogen balance by parenteral 
feeding, and this has been repeated by Landesman and W'einstein.^" 

Stengel and Ravdin,^® in 1939, and Ravdin and Stengel,^® in 1940, reported 
an orojejunal method of feeding, using the Abbott tube, and an ingenious 
automatic feeding maebine. Unfortunately, there was at that time no 
ready-made homogenous mixture available. Furthermore, no nitrogen balance 
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was done, and withoul knowing llie gravity of nitrogen losses, no adequate 
replacement could be given, particularly as these authors emphasized only 
the necessity of a basal intake. 

The first point of departure in this work from previous work is the 
utililization of the absorbing surface of the reaches of the intestines beyond 
the point of operative trauma for the absorption into the system of a feeding 
mixture which requires the minimum of digestive effort. The combination 
of the feeding tube and this mixture obviates the difficulties which bar the 
way to immediate posoperative feeding, especially in abdominal cases, namely, 
the vomiting, anorexia and impairment of the digestive processes caused by 
an operation. The second point of departure is the strict adherence to a 
caloric and nitrogen intake, which would at least fully replace the losses 
resulting from the operation. 

To rely solely upon intravenous alimentation to do this is to put to 
heroic use a method which, at best, must remain an excellent adjuvant. 
Elman and Brunschwig both realize this, Elman saying: “The purpose of 
parenteral alimentation, in surgeiy at least, is to clear temporary hurdles’’ ; 
and Brunschwig, ct al., stated : “Minimal caloric requirements, including suf- 
ficient protein (as amino-acids), may he met by intravenous nutrition.” Thus, 
in order to give 1,749 calories, and a nitrogen intake of 18 Gm., Brunschwig 
gave as much as 4,500 cc. of fluid intravenously in six hours, an amount 
which must tax the circulatory system by the production of an acute plethora. 
And, unfortunatel}'. the caloric and nitrogen requirements postoperatively 
are not often basal, as has been demonstrated by Cuthbertson,® An analysis 
of the four cases reported by Brunschwig, et al, as having registered a net 
gain of nitrogen ten days postoperatively, shows that only one achieved a 
positive nitrogen balance as a result of intravenous feeding. In Elman’s 
report of 35 patients, in whom nitrogen balance was achieved by intravenous 
alimentation, only four postoperative cases were reported in detail, and in 
none of these four was a positive nitrogen balance consistently achieved. Re- 
cently, Gardner and Trent''’ found similar difficulty in maintaining nitrogen 
balance by intravenous alimentation in patients with large nitrogen losses 
postoperatively. If to this limitation may be added the dangers of iDyrogenic 
reactions, and of phlebitis and thrombosis of veins, the restoration of whose 
patency is never certain and which could be conser\'^ed for use in greater 
emergencies, the present tendency to rely mainly on intravenous infusions 
to supply caloric and nitrogen requirements seems unjustifiable. 

Finally, two further points must be emphasized. The first is that blood 
and plasma transfusions, dramatic as they are in the restoration of the blood 
volume in acute hypovolemia caused by hemorrhage or acute loss of plasma 
proteins, cannot be depended upon as the sole caloric and nitrogen supply for 
the body. Sachar, Horvitz and Elman-" are of the same opinion, and a little 
' arithmetical calculation will show the strength of this statement. As shown 
above, the amount of plasma proteins in 500 cc. of transfused blood will yield 
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coming to operation with plasma protein concentrations near the “lower 
limit of normal” may he poor operative risks, for this so-called lower limit 
of normal already reflects some depletion of body proteins, which would he 
aggravated by the “toxic loss" of nitrogen and starvation incident to an 
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2 ,- — Panels a, b, c and d are graphic records of the nitrogen deficit, body weight, plasma 
protein and hematocrit (except one) curves of members of the feeding group, namely, of V.B., F.R., 
P.F., and A.V., respectively. Note the consistent upward trend in nitrogen surplus and body weight 
in all the four cases. The plasma protein curves are consistently upward in two and show a slight 
depression in two. 

operation, leading to impaired wound healing. It may be safer for surgeons 
to set a higher “lower limit of normal” to surgical patients than is required 
in other specialties. 
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About 35 years ago Theodore Kocher^ emphasized the value of pre- 
operative scrubbing in the preparation of a patient for surgical operation. 
In his text book of Operative Surgery he makes the following statements ; 
“It is remarkable how many people of the present day refuse to be con- 
vinced that dirt can be really and readily removed by mean's of simple 
running water. It is no uncommon sight to see the surgeon and his assistants 
scrupulously careful about the cleansing and scrubbing of their own hands, 
while the patient’s skin is washed with a little soap and lotion immediately 
before the operation, receiving subsequently a few doses of corrosive lotion, 
proceedings which imply a contradiction. 

“There is no reason why every patient should not have the benefit of 
a vigorous cleansing (soap and water) from head to foot in the surgical sense 
of the term. This washing, which is carried out in a warm bathroom the 
day before operation, should be iireferred to the practice of some surgeons 
who apply antiseptic poultices to the skin at the site of the operation.” Many 
surgeons still follow Kocher’s advice. 

It is difficult to prove clinically whether or not preoperative scrubbing is 
effective. However, in the experimental animal this can be ascertained more 
accurately. At the outset, we should define our terms, and by scrubbing 
we mean the use of a small, soft hand brush with soap and unsterilized warm 
water applied to the part vigorously for about eight minutes. The term 
‘preoperatively’ is used to include a period up to 12 hours before operation. 
Immediate surgical sterilization is not included in this stud3\ 

In order to determine the efficacy of scrubbing, we decided to test the 
method on guinea-pigs and dogs. At the same time, a group of patients 
were treated by scrubbing, in an effort to evaluate the method clinically. 
These results are to be reported in a supplementary paper. 

EXPERIMENTAL STUDIES 

First, we wanted to establish normal standards so that variations could 
be charted. Daily leukocyte counts and rectal temperatures were recorded 

15 guinea-pigs. Our conclusions were that leukocyte counts and body 
temperatures are not stable in guinea-pigs, varying with room temperature 

* Aided by a grant from the Eli Lilly Research Fund. 
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and other factors not determined. These reactions are also not reliable 
guides in evaluating the general condition of an animal with normally healing 
or with infected wounds. There is, however, one significant finding in 
scrubbed guinea-pigs which is only rarely observed in the controls. This 
is an increase in the number of leukoc3'tes, averaging about 7000 per cu. mm. 
immediately after operation (Chart i); Although some animals die of 



Chart i. — Charts showing room temperature, body temperature and leukocyte counts in four 
guinea-pigs which had been scrubbed g6 hours prior to operation and four contiols. Three-tenths of 
a cubic centimeter of a pure culture of Staphylococcus aureus was introduced into the abdominal wound 
at the time of operation. Note the increase in leukocytes immediately after operation in the scrubbed 
pigs. 

Staphylococcic septicemia after inoculation, showing leukocyte counts of 
500 or less, there was usually a leukocytosis, and the body temperatures 
remained high. In environmental temperatures of 70° to 80° F. infected 
guinea-pigs were found to have temperature, ranging up to 106° F. 

NORMAL RATE OF HEALING 

The abdominal wall of guinea-pigs was shaved, cleaned with soap and 
water, and antisepticized with ether and tincture of methiolate. Aseptic 
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of the six-hour culture of Staphylococcus aureus into the incised alidominal 
muscles. Incisions and closures were performed exactly as in the controls. 
Sixty-seven and one-half per cent of the animals developed infections in their 
wounds. 

Many experiments were now undertaken in an effort to repeat the 
findings of Du Mortier,- who demonstrated the high degree of immunity 
which develops in granulation tissue. Also, studies were made to determine 
the extent of the local immunity by making multiple incisions at various 
sites in the abdominal wall at different times. By this method we were 
able to prove that the immunity in a wound does not extend beyond the area 
of granulation tissue. These experiments will be published subsequently. 

THE EFFECT OF SCRUBBING UPON THE PRODUCTION OP WOUND lAIJIUNITY 

The body reacts locally by inflammation and exudation whether the 
injury is produced by mechanical, bacterial, chemical, or any other trauma. 
We thought that perhaps scrubbing the abdomen might be a factor in the 
production of immunity. Thirty-four guinea-pigs were studied. They were 
anesthetized with ether, and their abdomens were shaved and then scrubbed 
with a hand brush such as is used by surgeons in the scrub room. This 
was done for five to eight minutes depending upon the reaction of the skin. 
Care was taken not to bruise or injure the abdominal wall. At the end of 
24, 48, 72, 96, 120, and 144 hours after scrubbing, an incision was made 
in the abdominal wall under aseptic technic, exactly as previously described, 
and 0.3 cc. of a culture of Staphylococcus aureus was introduced. The ex- 
])eriment was then repeated, scrubbing the abdominal wall on six successive 
days. On the 6th day, all pigs were operated upon and the culture intro- 
duced as previously described. Four controls were operated upon without 
scrubbing in each series. 

Seventy-five per cent of the guinea-pigs scrubbed 24, 48 and 72 hours 
before operation were infected. Fifty per cent of the guineaj)igs scrubbed 
96 and 120 hours became infected. Sixty-seven and one-half per cent of the 
controls were infected. 

In all instances the wound bled much more freely in the scrubbed pigs 
than in the controls. Grossly, the scrubbed pigs seemed to have infection 
in only 20 per cent. On the 6th postoperative day sections were taken from 
the abdominal wounds. Examination of these sections microscopically failed 
to reveal aii}'^ consistent discernible difference in the degrees of infection in 
the scrubbed and unscrubbed pigs (Fig. i). When the experiments were 
repeated the difference again was not in individual wounds but in the per 
cent of animals infected. 

In order to check our findings, four guinea-pigs Avere prepared in the 
manner described above. Instead of using a six-hour culture we used a 
24-hour culture of Staphylococcus aureus, and instead of 0.3 cc. we used 0.5 cc. 
in the incision. A second group of eight pigs Avas scrulibed 96 hours previous 
to operation, using the same culture. One of the controls died Avithin 24 
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hours of a staphylococcus septicemia. Another died on the 4th postoperative 
day with a large abdominal abscess. The remaining controls survived but 
developed wound infections. All of the animals which had been scrubbed 
96 hours previously showed infections in their wounds (Fig. 2). It is 
apparent from this study that the size of the dose plays an important role 
in the resulting infections. 

EFFECT OF SCRUBBING THE ABDOMEN UPON PERITONEAL IM.MUNITY 

A group of eight guinea-pigs was now studied for intraperitoneal im- 
munity. All operations were performed as previously described except that 
the iieritoneum was opened. Three-tenths of a cubic centimeter of a pure 
culture of SlapJiylococcus aureus was introduced and the abdomen closed 
with interrupted silk sutures in layers. Five of the animals developed wound 
infections. All recovered. At autopsy, none showed any evidence of 
peritonitis. 

Another group of eight pigs was studied in a similar manner except that 
foreign bodies, such as iS-inch knotted strands of sterile silk suture, were intro- 
duced in the peritoneal cavity. B}'’ this technic it was possible to produce a 
small abscess about the suture which was entirely localized by the omentum 
and adhesions when the animals were autopsied. Four of the abdominal 
wounds became infected although the culture was introduced into the abdomen 
with a glass pipette. One pig died of peritonitis and wound infection. 

The same experiment was repeated with preoperative scrubbing. There 
was no difference in the intraperitoneal reaction from the control. How- 
ever, only about 50 per cent of the jiigs scrubbed 06 hours before operation 
developed wound infections. 

SCRUBBING EXPERI.MENTS UPON DOGS 

In an effort to further study the problem we decided to perform similar 
experiments upon dogs. Eight healthy animals were anesthetized with ether, 
the abdomen was clipped, shaved and scrubbed for eight minutes, then pre- 
pared with ether and tincture of methiolate. A longitudinal paramedian in- 
cision 10.5 cm. long was made through the skin, subcutaneous tissue and 
anterior sheath of the rectus muscle. The rectus muscle fibers were separated. 
Three cubic centimeters of a six-hour culture of Staphylococcus aureus was 
introduced posterior to the muscle, then the rectus muscle and anterior sheath 
were closed using interrupted silk sutures. The skin was sutured with the 
same material. A second group of eight dogs was scrubbed for eight min- 
utes, 96, 72, 48 and 24 hours before operation and the experiment was 
repeated. 

These experiments simply corroborated previous obseiwations except 
that only 50 per cent of the controls were infected when male dogs were 
used. The female dogs invariably developed an extensive infection which 
involved breast tissue, showing severe mastitis. Fifty per cent of all scrubbed 
dogs, regardless of time up to 120 hours, showed wound infections. There 
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was one death in a female clog with extensive mastitis and staphylococcus 
septicemia. 

Twelve more dogs were operated upon, repeating the above experiment, 
with a study of daily temperatures and blood counts. Four animals were 
used as controls. The other eight were scrubbed 96, 72, 48 and 24 hours 
before operation. It was found that the temperature and blood counts were 
not reliable guides as to the presence or absence of infection. In Dog- 
No. 231 leukocytes numbered 20,000 and 21,000 daily for four days, and yet 
the wound remained clean, whereas in Dog No. 233 the leukocyte count was 
13,000, 11,000 and 8,000, yet his wound was grossly infected. This ob- 
servation fits in fairly well with that observed clinically, for patients do not 
as a rule run a high temperature or leukocytosis with superficial wound 
infections. This is probably due to the fact that the antigen is not retained 
under pressure, due to looseness of tissue or early drainage. When the eight 
dogs that had been scrubbed were compared with the normal controls, it 
was impossible to determine which had had the previous scrubbing. About 
one-half of the animals were infected in each group. 

Another study upon the effects of scrubbing in dogs was made as 
follows: Four animals were selected as controls and four were jirepared by 
scrubbing 48, 24 and 12 hours before surgery. In addition, two dogs were 
scrubbed 96 hours before surgery and then again 24 hours before operation. 
In this group the 10.5 cm. incisions extended only to the anterior sheath of 
the rectus muscle. Also, the amount of culture introduced was calculated 
according to the body weight of the animal, based on the smallest amount 
that regularly produced wound infections without death. This was one cubic 
centimeter of culture for each 4.5 kilograms of body weight. Blood counts 
and daily temperatures were recorded. As in previous experiments it was 
impossible to identify those dogs that had been scrubbed from the normal 
controls, either grossly or microscopically. We may conclude from these 
experiments that the size of the dose had little to do with the resulting- 
infections. 

DISCUSSION 

Since the antigen employed in our experiments was standard, infection 
could only occur as a result of change in the resistance of the inoculated 
animals. Scrubbing the abdominal wall for five to eight minutes with soap 
and water apparently does not greatly alter the resistance of animals to 
standard doses of staphylococci. However, it should be noted that guinea- 
pigs scrubbed 24 hours before operation showed a higher percentage of 
infection than did controls. Perhaps, this is due to a lowered resistance- 
which may last 24 hours or longer after trauma. It is also significant that 
in guinea-pigs the incidence of infection was less in those which had been 
scrubbed four or five days before operation. This may be due to the de- 
velopment of increased local tissue resistance from the trauma of scrubbing 
following the lag-period described by Du Mortier, or the increase in leuko- 
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SYMPOSIUM ON PROBLEMS RELATTN(J TO LAW 

AND SURGERY 


THE LATE EFFECTS OF CRANIOCEREBRAL INJURIES 

A CONSIDERATION OF THE CRITERIA NECESSARY 
TO EVALUATE THE POSSIBLE CAUSES 

Donald Munro, M.D. 

Boston, Mass. 

FROM THE DEPARTMENT OF NEUROSURGERY. HOSTON CITY HOSPITAL, BOSTON, MASS. 

Practically every member of the medical profession and many lawyers 
have had occasion from lime to time to try to estimate the significance of symp- 
toms which were the subject of complaint by the patient or client and which 
were allegedly caused by an antecedent blow on the head months or 3’^ears 
previously. The difficulty and confusion that arise when attempts are made 
to separate the symptoms and signs that are traceable to organic as opposed 
to so-called functional changes is, and has been, generally recognized. This 
confusion is rendered more chaotic by the tendency on the part of the medical 
and legal professions to be careless, or grossly inaccurate, in making and 
accepting the original diagnosis and in estimating therapy and prognosis in 
terms of pathology. This is enhanced by the public’s indifference to the need 
for such accuracy. Such examples as the almost universal use of the term 
‘‘concussion” to cover all varieties of craniocerebral injuries; and the un- 
justified importance granted by the legal profession to the visible ‘‘fracture of 
the skull,” which is of no significance, in comparison with the neglect of the 
invisible brain injury which is actually the cause of all the symptoms, are all 
ton common. An equally usual but no less troublesome factor is the ease 
with which any physician who is legally entitled to practice medicine in this 
Commonwealth can qualify himself in our courts as an expert in a subject 
about which he actually knows little or nothing and in which his experience 
will hardly compare favorably with that of a well-trained house-officer. Be- 
cause of this, the court is forced to resort to the legal subterfuge of consider- 
ing the significance of such testimony in the light of the “weight of the 
evidence.” This imposes on the judge, commissioner or jury the duty 
of interpreting the medical significance of the facts as presented to them in 
terms of the witnesses' personality, his ability to speak extemporaneously and 
his salesmanship instead of on the basis of his professional qualifications. It 
is evident that the solution of this problem is not to be taken lightly, and must 
await education in the need for accuracy of expression and thought when 
dealing with such an important medicolegal matter as injuries of the nervous 
system. 

I have had occasion to point out the late effects exerted by the proper 
approach by both the doctor and the patient to the latter’s convalescence.’ 
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stages of their injuries. No attempt will be made to deal with it here. 
I do however, feel that there are available certain other data relative to the 
diagnostic criteria that must and can be met if the symptoms alleged to have 
been originally caused by an antecedent craniocerebral injury are to be 
properly evaluated, a diagnosis made and therapy recommended at a late date. 
These criteria are tentative and will doubtless be modified many times 
as experience with them accumulates. The chief justification for bringing 
them to the attention of the medical and legal professions is that at least 
a start will have been made toward the solution of this vexing matter. 
They are based upon experience extending over a number of years, and 
are exemplified here by statistics drawn from a group of 50 patients injured 
in industry and seen and studied by myself during the past 18 months as 
an impartial examiner for the Massachusetts Industrial Accident Board. 
Such a small series justifies only the grossest statistical conclusions, but 
until many hundreds of such patients have been studied and tabulated there 
is reason to believe that it is as accurate as a somewhat larger but still 
inadequate series would be. It has the additional advantage of unity, in 
that all are workman’s compensation cases, and of impartiality, in that the 
data have neither been collected in the interest of the complainant nor of 
the respondent. 

This series includes 8 female and 42 male patients. The age was 
known in 39 of the 50 (32 males and 7 females). The oldest patient 
was 71 and the youngest 18, both being males. Similar figures for the 
women were 44 and 19, respectively. The interval between the date of 
the injury and the time of the first examination was known in 49 instances. 
This was considered in relation to the diagnosis as determined at this 
examination. The diagnostic classifications, which are discussed in more 
detail below, were divided under five headings : Organic, in which the cause 
of the symptoms was believed to be organic and certainl}'^ related directly 
to the alleged accident; posttraiimatic-state, in which the cause of the symp- 
toms was believed to lie in the nonorganic spheres and to be not necessarily 
directly related to the alleged accident; interemrent disease and 110 disease, 
in the first of which the cause of the symptoms was believed to lie in an 
intercurrent disease having no relationship to the alleged accident, and, in 
the second of which, the symptoms and signs were of such character that it 
was believed that there was no disease of any kind present at the time of 
the examination; and, finally, double diagnosis in which two diseased con- 
ditions were believed to be simultaneously present. The average interval 
between the receipt of the injury and the first of my examinations in the organic 
group, was 14.5 months; in the posttraumatic-state group 12.5 months; in 
the double diagnosis group 13 months; in the intercurrent disease group 
14.25 months, and in the no disease group 8 months. The longest inter- 
vals were 31 months in the organic and 30 months in the posttraumatic groups. 
The shortest intervals were 2 months in each of the same two groups. 
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nificant accident — which proved to be the second — because the patient volun- 
teered the information that he had been completely well and doing full-time 
work in the interval between the two. He was classed in the posttraumatic- 
state group because his symptoms were Ijelievcd to lie nonorganic in origin. 

LOCAL OBJECTIVE EVIDENCE OF THE INJUKY 

To determine whether or not the patient has actually struck or been 
struck on his head may at times be very difficult. This will be especially 
true in the absence of visible or palpable signs and may involve check inter- 
views with witnesses that one would not ordinarily see. Scars, and the like, 
on the scalp will be indicative, but not necessarily conclusive, evidence of 
this fact, inasmuch as the age of a completely organized scar cannot be 
accurately estimated and certain patients may use the scar from a previous 
accident to bolster their claims for damages on account of a later injury. 
Positive and negative roentgenograms of the skull must also be accepted 
with caution as final evidence for or against injury sustained at a given 
time. In the first place, my experience leads me to believe that in a disputed 
case certain differentiation of a fracture line from a blood vessel marking 
or suture line cannot be made without stereoscopic lateral roentgenograms, at 
the very least. Furthermore, to demonstrate such a differentiation, the films 
must be viewed in a stereoscope and not one-by-one in their flat state. Further 
confusion is caused by the fact that the rate and amount of bony union of 
linear fractures of the skull are completely unpredictable. It is true that, in 
general, such fractures that occur in children and young adults tend to heal 
quickly — in a matter of weeks — whereas similar fractures in the skulls of 
the elderly tend never to heal by bony union. Thus, in the first instance a 
roentgenogram that is positive at the time of injury may be negative when 
repeated at the time the patient is to appear in court. Presentation in evi- 
dence of only the latter film, with the suggestion that because it was negative 
the former was misread, would not, necessarily, be in accord with the truth, 
and might work a grave injustice on the complainant. On the other hand, 
it is possible to do the respondent an injustice also if the suggestion, that 
because a linear fracture remains visible roentgenologically after months 
or years, and hence is evidence in itself of a continuing cause of symptoms, 
is not branded as false and without basis in fact. In this group of 50 patients 
25 showed positive evidence of head injuiy at the time claimed, in the form 
of the scar of a scalp wound or the demonstration of a fracture of the skull 
roentgenologically. Of these 25, ten were in patients whose symptoms were 
believed to be on an organic basis, and traceable to the injury, nine were in 
those with symptoms on a posttraumatic-state or nonorganic basis, ,two 
occurred in patients with a double diagnosis, two were noted in patients in 
whom no disease could be demonstrated, and in one the symptoms found 
at the time of the examination were believed to have been caused by an 
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are easily recognized from the history as a possible cause for the com- 
plainant’s symptoms. The only other source of error arises from the presence 
of a solid subdural hematoma resulting from the rupture of a bridging vein. 
The injury causing this may be so slight as not to be accompanied by un- 
consciousness. The clot in these patients will produce symptoms which 
vary from a mild but persistent headache to those usually associated with 
large brain tumors. A differential diagnosis between such a clot and a brain 
tumor is impossible without operatiA^e visualization. Patients with these 
symptoms and signs will usually prove to be such baffling problems that 
hospitalization, Avith a diagnostic stud}’’ by all the means at hand, including 
pneumo-encephalogram, Avill prove necessary before the physician is justified 
in expressing an opinion relative to the cause-and-effect relationship betAveen 
the accident and alleged resultant symptoms. Fortunately, these clots are 
rare — indeed the rarest of all subdural hematomata — and, thei'efore, one 
of the rarest of the intracranial complications of head injury. have 

shoAvn that chronic solid subdural hematomata occurred only 45 times in a 
series of 310 verified cases of all types of such clots. Furthermore, in only 
three of these 45 clots could a diagnosis of “brain injury” be made or a 
fracture of the skull demonstrated. Since the estimated occurrence of all 
subdural hematomata varies from one per cent (BroAvder, ei to my^® 

estimate of ten per cent, and since the occurrence of this particular solid 
type of clot is only 14 per cent of that, it is evident that the mathematical 
chance of finding one of these lesions as the cause of the claimant’s symptoms 
is very small indeed. 

LOSS OF CONSCIOUSNESS AND AMNESIA 
Consciousness and, hence, unconsciousness are difficult to define satis- 
factorily. Seven types have recently been described by Miller,^^ aa’Iio also gives 
16 definitions of the word. I prefer Cobb’s^^ definition, in Avhich conscious- 
ness is described as awareness of, and intellectual contact Avith, the indi- 
vidual’s surroundings. This is highly A'^ariable from person-to-person and 
from time-to-time in any one person, and it is probable that, in the last 
analysis, no person is ever Avholly conscious. Loss of consciousness, more- 
over, is not a definite entity as to time or amount. It merely implies a 
decreased awareness of his surroundings by the individual suffering from 
this phenomenon. This may be described in such terms as “dazed,” “fainted,” 
“woozy,” or “dizzy,” to indicate the short periods, and as all 
the varieties of coma to indicate the longer ones. The demonstration of 
such a decrease in the patient’s aAA’areness of his surroundings may be ex- 
tremely difficult and tax the ingenuity of the examiner to the utmost. One 
of the more reliable methods of verifying the presence of such a phenomenon 
is to investigate the patient’s loss of memory in its relationship to the period 
before, during and after the accident. Retrograde amnesia — that is, a loss 
of memory for events that preceded the accident — especially if it is associated 
Avith accidental and anterograde amnesia is, in my experience, pathognomonic 
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of a loss of consciousness which is attributable to the accident. It cannot 
be confused with a similar condition caused by syncope, and offers oppor- 
tunities for factual verification that will expose the malingerer. Amnesia 
that includes the time during which the accident was taking place and a 
period of time following it, but not necessarily including the actual start 

of the fall or receipt of the blow, is presumptive evidence of loss of con- 

sciousness. Postaccidental amnesia alone is, of itself, no evidence for or 
aeainst loss of consciousness when it is not associated with either retrograde 
or accidental amnesia. Its signficance depends upon its relationship to other 
factors in the case. The examiner should not be confused or jump to 

wrong conclusions because there may be a period immediately following the 

accident during which the patient talks and acts normally or because the 
patient has “islands of consciousness” in the sea of unconsciousness. Neither 
of these phenomena alter the diagnostic or prognostic significance of the 
unconscious period. I have seen an airplane pilot who crashed with a “dead 
stick” from 5000 feet. When rescued he was stepping out of the plane. He 
was taken b}^ automobile five miles to a hospital, and during this trip told 
in detail how he had landed his ship without killing himself. On arrival 
at the hospital he became comatose, and for four days responded only to 
painful stimuli. At the end of that time he was again mentally normal, 
conscious, and in full contact with his environment. He was then asked 
to redescribe the landing of his plane but was unable to do so, and had no 
memory of anything from the time his engine failed at 5000 feet to the time 
he regained touch with his environment four days later. He was shown 
to have sutfered a fractured skull, lacerated and contused wounds of the 
scalp, a contused brain, and other less serious injuries. Squadron Leader 
H. L. Burton,^"^ of the Royal Air Force, has also described this sequence of 
events as of sufficient importance to justify the medical personnel of the 
Royal Air Force, when investigating injuries sustained by pilots in “crashes” 
or by the riders of motorcycles in collisions, in obtaining the story of the 
loss of consciousness not only at once after the accident but some hours later 
as well. In this group of 50 patients (Table I) 33 had a history of loss of 
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0 
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consciousness, 12 had no loss of consciousness, and in five there was doubt 
as to this fact. Among those shown to have been unconscious, 12 had symp- 
toms that were classed as organic, those of ii were considered to be non- 
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organic, those of four were traceable to the combination of two conditions, and 
in five it was felt that no disease was present when they were seen later. 
Five of the posttraumatic-state group, six with intercurrent, and one with no 
disease, were considered not to have been unconscious. In regard to the 
incidence of the various kinds of amnesia there were 12 patients with post- 
accidental, three who might or might not have had any kind of amnesia, 
and none who did not have some loss of memory among the “organic” group. 
Language difficulties accounted for the three undetermined cases. Among 
those whose symptoms were classed as posttraumatic-state or on a nonorganic 
basis, five had retrograde, ii had postaccidental, one could not be determined, 
and six had no amnesia. Four patients who had a combination of organic 
symptoms and intercurrent disease as a basis for their symptoms had post- 
accidental amnesia, six who were suffering from an intercurrent disease alone 
had no amnesia, six that had no disease were equally divided between post- 
accidental and no amnesia, and one patient, that could not be classified, had a 
combination of retrograde and postaccidental loss of memory, as did five of 
the posttraumatic-state group already listed. There was no evidence of any 
original intracranial injury in an)' of the patients in the intercurrent disease 
group. It seems reasonable to conclude that unconsciousness at the time of 
the injury predicates intracranial pathology sufficient to serve as an adequate 
cause for the production of late symptoms. On the other hand lack of 
unconsciousness at the time of the original injury can be taken to indicate 
that any late symptoms are almost certainly either traceable to a functional 
nonorganic upset or are caused by an intercurrent disease. All patients who 
were certainly known to have been rendered unconscious originally, gave 
a history later on of some type of amnesia, which was usually postaccidental. 

classificationJof the signs and symptoms of late disability 
Having verified, or failed to verify, the claimant’s allegation that he was 
struck on the head at the time of the alleged accident sufficiently hard to 
cause intracranial damage, one must now make some attempt to tabulate 
and classify the myriad symptomatology that the patient is only too willing 
to describe. Care should be taken never to ask direct questions or to 
otherwise suggest by naming it any particular symptom. All these patients 
are highly suggestible and ready to adopt as their own almost any symptom 
that is brought to their attention. I have never believed that there is an)' 
special diagnostic value to be found in the characteristics of purely sub- 
jective symptoms. Objective signs however, even if described as symptoms, 
are different. Some demonstrable pathology can be found behind such symp- 
toms in practically every instance if the examination be sufficiently detailed 
and searching. This is not to be taken to mean that subjective symptoms 
are without significance. It is merely that that significance must be inter- 
preted in the light of other and objective data, whereas objective signs have 
their interpretation inherent in them. In addition to the abnormalities found 
in physical and neurologic examination, the 50 patients in this group com- 
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SUBJECTIVE SYMPTOMATOLOGY 

Subjective symptomatology that is allegedly the cause of late disability in 
craniocerebral injuries is the most difficult part of this whole problem to 
evaluate. The possible causes of headache, insomnia, dizziness when stooping, 
general pains, and the like, are legion. There is no present evidence to show 
what the statistical chance of their occurrence is, in either normal persons 
or in those afflicted with the various cerebral changes that follow cranio- 
cerebral injuries. A patient with a known psychopathic personality, and an 
imaginary craniocerebral injury, will, and often does, complain of the same 
symptoms and the same disahilit}'' that another with a fluid subdural hema- 
toma following a severe injuiy, or still another with generalized cerebral 
atrophy that has followed a mild injuiy in an arteriosclerotic does. To 
separate each from the others will require a knowledge of the pretraumatic 
personalit}'- of the patient, a detailed stud}'’ of his personality and state of 
physical health at the time of the complaint, an objectively accurate diagnosis 
of the pathology present at the time of the injury, and in the case of the 
atrophy a pneumo-encephalogram, and in that of the subdural fluid hematoma 
an exploratory operation before the differential diagnosis can be made, and 
the cause-and-effect relationship between the accident and the disability 
unravelled. Even this may not give the full explanation because, for example, 
in the hematoma case an associated neurosis may still persist after the 
correction of the physical abnormality. When such symptoms remain a 
demand will be made on the doctor to divide the responsibility for this con- 
tinued disability between a possible instability of the patient’s pretraumatic 
personality, the changes induced by an unfavorable environment before or 
after the injury and the still persisting effects of an intracranial abnormality 
that may have been present for some weeks or months.^^ Other even more 
complicated relationships can be easily visualized, and the hopelessness of 
reaching a just conclusion relative to the importance of such subjective 
symptomatology as a cause of late disability after previous craniocerebral 
injuries can be realized. Much psychometric, social service, psychiatric, 
psychologic, neurologic, pathologic and surgical data relative to the acute 
as well as the more prolonged effects of all varieties of craniocerebral in- 
juries must be collected before the significance of this class of late symptoms 
can be evaluated or even recognized as existing. Headache, dizziness on 
stooping, and general weakness were the commonest of this class of symp- 
toms in this group of 50 patients (Table III). Forty-four of the 50 had 
headaches, 28 dizziness, and 16 general wealcness. Of the six patients who 
had no headaches, one each out of 15, and 18, respectively, were in the 
organic and posttraumatic-state, and two each out of six in both the inter- 
current and no disease groups. Thirteen of the 15 organic, eight of the 18 
posttraumatic-state, one-half of the intercurrent disease and double diagnosis, 
and one-third of the no disease groups complained of dizziness on stooping. 
Seven of the organic, five of the posttraumatic, two of the intercurrent disease, 
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and one each of the no disease and double diagnosis groups, complained of 
generalized weakness. Nervousness (13 times), and insomnia (12 times), 
were the next most common. They were as common in the organic as they 
were in the posttraumatic-state group. The frequency and classification of 
the rest is noted in Table IIT. The English school-’ ° has shown 

that before conclusions could be drawn relative to the relationship between 
such symptoms and their antecedent accidents, as occurred among casualties 
in the Royal Air Force, information relative to the patient’s personality, 
home life, relation to environment, work record, intellectual level, and the 
like, had all to be collected for both the time preceding and that succeeding 
the accident. This was possible without undue expenditure of time, money 
and personnel in this British group. It would not be possible in the ordinary 
industrial or automobile accident case in this country. However, that does 
not imply that such investigation should be altogether neglected. As much 
of this information as is possible should be acquired in every patient. A 



Table III 

SUBJECTIVE SYMPTOMS 

Post- Inter- 
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No 
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? 
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Headache/.. 

14 
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4 
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0 
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5 
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Nervousness 
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0 
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Pressure in the head 
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Inability to concentrate 
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9 

Noise in the ears 
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9 

Difficulty with sight 

3 
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7 

Pliotophobia 
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0 
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Increase of symptoms in wet weather. . 

1 

1 
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3 

Intolerance of noise 

2 
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0 
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0 

0 

3 

Confusion in crowds. 

1 

1 

0 

0 

0 

0 

2 


family history of insanity, epilepsy, sick headaches or conditions similar 
to the one from which the patient suffers, evidences of marital incompatibility, 
addiction to alcohol or drugs either in the family or on the part of the patient, 
will help clarify the patient’s emotional background and permit an estimate 
of his pretraumatic personality to be made. His work record, including the 
frequency with which he changes jobs, the number of his promotions and the 
reasons or lack of reasons there-for, give further insight. A review of his 
educational background, a knowledge of the country from which he or his 
family originated, and observations on his emotional reactions while under- 
going examination, are all additional helpful data that can be obtained with 
little or no extended investigation. Finally, such evidences of an over- 
sensitive sympathetic nervous SA’^stem as cold and discolored extremities, 
excessive sweating, fainting, irregular pulse, dermographia, “goose-flesh,” and 
the like, may well provide the clue to otherwise unexplainable symptomatolog}- 
and permit recognition of the fact tiiat the disability claimed arises not from 
the antecedent accident but rather from emotional or psychic deficiencies in- 
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herent in the victim. All such data as can be obtained in the present state 
of our knowledge from a study of the above and other subjective symptoms, 
is to the effect that when any one of such symptoms acts, of itself, as the 
chief cause of late disability following an earlier craniocerebral injury it 
is of no value either for diagnostic purposes or for determining the cause- 
and-effect relationship between the accident and the later disabilit}^ The 
only positive virtue that its presence affords is in forcing the physician to use 
all possible methods of diagnostic investigation if he would really determine 
the reason for and the significance of it. 

EFFECT OF EARLIER THERAPY 

One other possible variant must be briefly mentioned : Its effect is im- 
possible to estimate and yet is a real factor in the jirolongation of disability 
and in its influence on the patient’s morale and later subjective symptomatic 
reactions. It is the efficiency of the treatment rendered at the time of the 
accident. As was pointed out in the first section of this paper, this is in- 
timately connected with the accuracy of the original diagnosis. A subdural 
hematoma that is promptly recognized and removed will cause less per- 
manent cerebral changes and, hence, less later disability than one that is 
not recognized and removed for some months and until the late disability 
has already developed. A lacerated brain that is diagnosed and treated as 
a case of concussion falls into the same category. Moreover, a true case of 
concussion that is forced to undergo a prolonged convalescence because the 
doctor has mistakenly considered it a “serious brain injury” has the cards 
stacked against him, and will inevitably develop a neurosis and disabling 
symptoms sufficient in number to justify to himself, his friends and family 
the fact that, although acting and feeling well, he is nevertheless an invalid. 
In only one of the 50 cases reported herewith, was it possible to state that 
sufficient objective data had been collected at the time of the accident to 
justify making a diagnosis in terms of pathology. As an inevitable result 
the immediate therapy left much to be desired and was usually conspicuous 
by its absence. Even those patients who had no disease at the time of 
their examination were well in spite of, and not because of, the therapy 
they had received earlier. The length and psychologic handling of the 
convalescence may also prove to be important factors in influencing the 
occurrence of later symptoms. I^ have dealt with this elsewhere, and 
will only repeat that: “The convalescent care of patients with craniocerebral 
injuries should not be of a hit-or-miss type but must be carefully planned 
to keep the inevitable associated destruction of initiative and self-confidence 
from developing into a permanent neurosis, and spoiling tbe end-result of 
what might, otherwise, have been a successful case.” In two of the patients 
in this series of 50, the symptoms and disability arising therefrom were un- 
questionably traceable in one case to a convalescence that was too prolonged 
and inactive, and in the other to one that was too short and active. Eleven 
of the 15 organic, 12 of the 18 posttraumatic, five of the six intercurrent 
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disease, and two of the four double diagnosis cases, were doing, and had 
done, since their injury no work and taken no exercise. One organic and one 
posttraumatic case worked alsout the house, and another of the latter group 
took moderate exercise. All the patients with no disease, three of the organic, 
four of the posttraumatic, the other two of the double diagnosis group, and 
one unclassified case were at work when seen. 

THE INFLUENCE OF PENDING LITIGATION 

The influence of pending litigation on the persistence of symptoms in these 
patients is a real but rather overstressed factor. The causes are obvious, 
and their elimination equally so. Four of the patients in this group of 50 
had a coincidental complete recovery from their disability and the ending of 
litigation by settlement of their claims. Attention should be called to the 
fact that although such a coincidence is presumably due to something analogous 
to malingering it is not necessarily so. A patient with neurosis based upon 
dread of appearing in court will react similarly to one who fears injustice 
because of his inability to demonstrate the truth of his claim in the same 
surroundings. In such circumstances, these patients, like the malingerer, 
will recover from their disabilities with the ending of their litigation. 

CLASSIFICATION OF THE DI.SABILITY 

Before settling the question of cause-and-efifect relation between the 
accident and later disability the patient must be classified as to the type 
of his disability. I have found it convenient to do this under five head- 
ings. These have been referred to previously in the body of this paper 
and are as follows; Organic; postirauinatic-state ; intercurrent disease; no 
disease and double diagnosis. 

In the organic group are classed those patients who sustained a significant 
blow on the head and who can be shown to have organic objective abnormali- 
ties that are not traceable to intercurrent disease, and that may occur either 
with or without functional subjective symptoms. The demonstration of such 
objective abnormalities usually will require hospitalization, often pneumo- 
encephalography, and frequently bilateral exploratory trephination. Unless 
the demonstration in an office is unquestionable, the physician should not 
commit himself relative to this possibility witliout either qualifying his 
statements or having the benefit of such hospitalization. In this group of 50 
patients there were 15 who were classed as organic. All were seen first in 
the office, and an unqualified diagnosis and opinion refused in 12 pending 
hospitalization. In most instances, for various reasons varying from the 
unwillingness of the patient to cooperate, to the influence of friends and 
financial stringency, the recommendation for hospitalization was not acceded 
to, and the qualified findings were accepted. It is mj^ considered opinion 
that this was a mistake and should not have been permitted. Of the three 
for whom hospitalization was not recommended, and an unqualified diagnosis 
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and oi^inion rendered, two had been previously hospitalized, even to the extent 
of transteniporal exploration and in one sufficient objective evidence was 
amassed at the office examination to obviate further hospital study. 

The postiraumatic-siate group includes those patients who sustained a 
significant blow on the head but who at the time of the later examination 
do not have any organic objective abnormalities but do have functional sub- 
jective symptoms. The demonstration of such a lack of objective abnor- 
malities cannot be considered final unless, and until, hospitalization with 
pneumo-encephalogram, and other similar tests, have pi'oved normal. In 
some cases, particularly those about Avhom one has any doubt because of 
the length, persistence or disabling qualit}^ of tbe symptoms, bilateral explora- 
tory trephination will have to be resorted to as well, before the doctor can 
make an unqualified diagnosis. It is this group of cases that includes all 
the most difficult problems relative to cause-and-effect relationship between 
the accident and disability. Often it will be impossible to be sure of this 
relationship and any information bearing on pretraumatic personality, personal 
relationships, environment, habits, illnesses, work record, etc., is sure to be 
helpful. The family and educational history must be investigated, and a 
search for hereditary or obscure diseases, must also be carried out. With 
this, and similar information at hand, it will be possible in many cases to 
decide whether the claimed disability has actually been caused by the preced- 
ing accident or by an hitherto unsuspected, and perhaps inactive, effect of 
an abnormal pretraumatic personality or other personal peculiarities. To 
avoid confusion in nomenclature I have preferred to use the term post- 
traumatic-state for this group of symptoms. It has many other names, some 
without meaning, as postconcussional-state, and others, as posttraumatic neu- 
rosis, that are more descriptive than posttraumatic-state. The latter diagnoses 
imply too much however, and may be as harmful as the meaningless ones. 
In the 50 cases reported herewith there were 18 on whom this diagnosis 
was made. Four were first seen in the hospital and 14 in the office. Qualified 
diagnoses were made on five pending hospitalization. .Unqualified diagnoses 
were made on nine others, none of whom were recommended for hospitaliza- 
tion. Two of these had become free of complaints and disability just irrior 
to examination and following settlement of litigation about their claims. Two 
had hyperactive sympathetic nervous systems, without other symptoms. One 
of these was also of very low intelligence and extremely emotional. In two 
the symptoms were located in the region of the supra-orbital nerve but since 
the patients had probably been knocked unconscious by the blows which 
caused the bruises about their eyes, they were considered to have probably 
had a mild craniocerebral injury. They were included in this group despite 
the highly localized character of their sj'mptoms. One other patient was 
alcoholic and another had a very bad work history, and, in addition, sus- 
tained her injury by jumping out of a window in an attempt to escape a 
fire in the factor)'^ where she worked. These were considered adequate causes 
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dition verified before reaching a final settlement of the litigation. The 
reasons for the classification are self-explanatory. 

CRITERIA NECESSARY TO LINK ANTECEDENT CRANIOCEREBRAL INJURY AND 

LATER DISABILITY 

It must now he apparent that certain criteria have to he met before the 
doctor is justified in giving, or the lawyer in accepting, an opinion relative 
to the relationship between a craniocerebral injury and later an allegedly 
consequential disability. Such an opinion can be unqualified only after the 
patient has submitted himself to an investigation that will demonstrate the 
significance of all objective findings and will give proper consideration to all 
the inherited, personal, social, educational and occupational influences that 
have been brought to bear upon his personality both before and after the 
alleged injury. If these requirements cannot be, or are not, satisfied then 
the opinion referred to above must be qualified appropriately. 

If the opinion is to be sustained that a direct cause-and-effect relationship 
exists between the injury and the later disability, the following criteria must 
be met: i. That a patient actually did sustain a blow on the head at the 
time and place claimed. 2. That that blow was sufficiently significant to 
produce intracranial pathology at the time of its infliction. 3, That the 
disability be manifested by organic signs and symptoms that could only 
arise from earlier and continuing intracranial pathology. 4. That the dis- 
ability be manifested by a combination of organic signs and symptoms that 
could only arise from intracranial pathology, and the signs and symptoms 
of intercurrent disease or the subjective symptoms seen in the so-called post- 
traumatic-state. 5. That in the absence of objective signs any subjective 
symptoms complained of be shown after adequate investigation not to be, 
or have been, caused by any characteristics found in the patient’s pretraumatic 
personality, and its changes, or in his inheritance or his social, family, 
intellectual, emotional, or work history. 

If the opinion is to be sustained that there is no direct or indirect cause 
and effect relationship between the claimed injury and the later disability the 
following criteria must be met: i. That the patient may or may not have 
sustained a blow on the head at the time and place claimed. 2. That if such 
a blow was sustained it was not sufficiently significant to produce any intra- 
cranial pathology at the time of its infliction. 3. That there be no organic 
signs or symptoms found after a sufficient search which could reasonably 
be supposed to arise from an earlier and continuing intracranial pathology. 
4. That any organic signs or symptoms that are present be most reasonably 
explained on the basis of an intercurrent disease. 5. That any subjective 
symptoms present be most reasonably explained on the basis of characteristics 
found in the patient’s pretraumatic personality, and its changes, or in his 
inheritance or his social, family, intellectual, emotional, or work history. 

It is the function of the court, or of an insurance or similar investigator, 
to verify the time and place of the alleged injury. Scars of scalp wounds, 
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MECHANISMS OF HEAD INJURY 
Alan R. Moritz, M.D. 

Boston, Mass. 

FROM THE DEPARTMENT OF LEGAL MEDICINE, HARVARD MEDICAL SCHOOL, BOSTON, MASS. 

Injuries of the head probably account for more deaths leading to 
litigation of one kind or another than does any other one category of me- 
chanical trauma. Not only are such injuries responsible for a large pro- 
portion of all deaths by violence but they are also a common cause of non- 
fatal disability. When indemnification is claimed or assault is cliarged on 
a basis of such an injury, it is obviously desirable that the medical witness 
understands the various mechanisms by which physical forces may result 
in damage to the head and its contents. 

Although mechanical injuries of the head maj'^ he produced in many 
different ways they are due, in the last analysis, to the application of 
force in such a manner that it changes or tends to change the state of 
rest or uniform motion of the structures affected. Thus, the impact 
responsible for injury may result from a collision between a stationary 
head and a moving object, a stationarj'^ object and a moving head, or a moving 
head and a moving object when either the direction or the rate of motion 
of the two is different. The site of the collision may be on the external 
surface of the head itself or the force of a collision occurring elsewhere 
on the surface of the body may he transmitted to the head by way of 
the spine. 

Although the precise manner in which some of the mechanical dis- 
turbances of the brain are brought about is obscure, it has long been 
recognized that certain types of external force tend to cause more or less 
characteristic injuries. Thus, if the nature of the alleged accident or assault 
is known, it may be possible to predict the particular kind of structural 
or functional disturbance that is likely to have been sustained. Conversely, 
if the nature of the disturbance is known it may be possible to reconstruct the 
probable manner in which it was produced. 

An injur)'^ of the head may involve the scalp, the skull, the meninges, or 
the brain itself. These structures may be involved singlj^ or in any com- 
bination. Obviously, the principal significance of a head injury lies in the 
extent to which the brain is or will subsequently be affected. It may be 
damaged immediately b)'^ the disruptive mechanical force of the impact or 
it may be affected some time later because of damage done to the skull 
or to the meninges. It is important to bear in mind that severe and even 
fatal damage to the brain may be sustained without significant injury to 
the scalp or skull. Conversely, extensive damage to the scalp or skull 
may be sustained without concomitant injury to the brain. The inac- 
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apex of the flap will mark the site of the initial impact. If the area of a 
glancing impact is large as much as half of the scalp may be torn from 
the skull. 

Case I. — 'J'hc wife of a disoriented and agitated inmate of a mental hospital 
complained that her husband had been brutally assaulted bj"^ an attendant. A nurse 
had found her husband on the floor of his room in an unconscious state and bleeding 
from a deep wound of the scalp. The accused attendant staled that the patient was 
all right about two hours prior to the time that his injury was discovered, at which 
time he had brought the patient a bedpan. The wife stated that her husband bad 
frequently complained that this attendant had threatened him with a club and that she 
had personally observed that the attendant was impatient and rough with his charges. 
She felt sure that the attendant had struck her husband on the head on the morning 
in question. 

An examination of the scalp wound revealed that the force responsible for it had 
been traveling upward. An inspection of the premises disclosed that the injury had 
undoubtedly been sustained as a result of a fall in which the patient had struck the 
back of his head against the edge of a chair. This impression was strengthened by 
the fact that the injured man was known to be the subject of frequent fainting 
spells. Altbough the evidence upon which the wife based her charges was at no 
time strong, it was gratifying that the medical findings were sulficiently definitive to 
dispose of the case to the satisfaction of both the wife and the hospital authorities. 

The nature of the object responsible for an injury of the scalp can fre- 
quently be recognized by the shape of the wound. Thus, the imprint left 
by a tire tread, by the grill of a radiator, by the head of a hammer, or by 
any one of a number of other objects may be clearly delineated by the 
pattern of the wound. 

Case 2. — A maid left in charge of a town house was found dead on the floor by 
her employers when they returned from a week-end at the shore. She had been the 
victim of rape and had died as a result of head injury. Examination of the scalp 
and skull disclosed the fact that she had been struck repeatedly with an instrument 
having a triangular striking surface, the sides of which measured about one and one- 
quarter inches in length. The police investigation was directed to the finding of an 
instrument answering to this description. A blood-stained mason’s hammer, the head 
of which corresponded to the size and shape of the wounds, was eventually found 
beneath the back porch of a gardener’s cottage on the grounds. The similarit}' be- 
tween the peculiar head of the hammer and the contour of the wounds was an 
important evidential factor in the subsequent conviction of the gardener. 

The finding of a recent bruise or laceration of the scalp of a person un- 
conscious from unknown cause does not justify the assumption that un- 
consciousness was caused by mechanical injury. People who collapse so 
unexpectedl}’^ that they fall to the ground frequently sustain secondary head 
injury. More times than not, the injury received in such circumstances is in- 
consequential, although it may appear otherwise at first. It is b}'^ no means 
uncommon in the case of a person found unconscious with a bruise or lacera- 
tion of the scalp to find that the true cause of the collapse was heart disease or 
spontaneous intracranial hemorrhage. 

Case 3. — ^A man arrested at midnight for drunkenness and disorderly conduct 
was found dead on the floor of his cell on the following morning, with evidence of 
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were withdrawn. The seriousness of the injustice that might have resulted if the 
true significance of the medical evidence had not been recognized is apparent. 

INJURIES OF THE SKULL 

Whetlier the bone breaks at the site of, or remote from, the external 
impact depends largely on the velocity at which the collision occurs and on 
the local resistance of the skull. Often the only objective evidence bearing 
on the manner in -which a fatal head injury has been sustained is disclosed 
by the location and character of the lines of fracture. This fact is of 
particular importance to the coroner or medical examiner who finds in 
about 20 per cent of all cases of fatal head injur}^ investigated b)’^ him 
that the postmortem findings are the sole .source of objective evidence relating 
to the manner in which the injury was incurred. In such instances the only 
reliable evidence bearing on such important medicolegal questions as the 
number of times the head was struck, the site at which and the violence with 
which the force was applied, and the size and kind of object responsible for 
the injury ma}'- be disclosed b}^ the autops}-. 

In attempting to reconstruct the circumstances in which a given injury 
was sustained, three possibilities should be borne in mind. The destructive 
effects of an impact ma}^ be limited to the site to -which the force -was applied, 
may be situated at a distance from it, or may be in part local and in part , 
distant. 

FRACTURE AT THE SITE OF IMPACT 

Bone is generally more susceptible to fracture by traction than by com- 
pression. Thus, since the initial effect of an external impact against the head 
is usually to compress the outer table and stretch the inner table the latter is 
the first to fracture. If sufficient indentation occurs a fracture which began in 
the inner table will extend through to the outer. Obviously the formation of 
a single crack is not the only form taken by the local injur}*. It is by no 
means unusual to find several lines of fracture radiating from a point beneath 
the site of impact. The presence of multiple systems of intersection fissures 
usually indicates that multiple impacts have been sustained. The momentary 
deformity created by an impact may be so great that concentric lines of 
fracture develop around the central point so as to bring tbe radiating fissures 
into communication with one another. Such a lesion tends to reproduce the 
web-like pattern often seen in a shattered pane of glass. 

Case 4. — A man -\ras found dead of head injun' on a cement parapet at the 
bottom of a 12-foot embankment. The fact that the decedent was known to have been 
drunk when last seen alive, and that there was no guard rail on the embankment, led 
to the assumption that his death had resulted from an accidental fall. The disclosure 
at autopsy, however, that there were three distinct sj'stcms of fissures in his skull 
indicated that tbe injuries had resulted from assault rather than from accident. It 
was apparent that the dead man had been struck twice on tbe left side and once 
on the right side of the head with a long, hea\w cylindrical instrument, which was 
estimated to measure about one inch in diameter. Further police investigation led to 
the apprehension of the assailant. An iron pipe had been used in the attack. 
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in contact with the palate when the fatal shot was fired. It was concluded, therefore, 
that death probably resulted from suicide rather than homicide. 

When the muzzle of the gun is held in contact with the head at the moment 
of firing, rapidly expanding" gases of combustion may enter the cranial cavity 
with the bullet. In such an. event the entrance wound in skin and bone may 
be large and it is not unusual to find that a large part of the floor of the skull 
has been blown out. Such explosive basilar fractures are likely to have a but- 
terfly pattern and may or may not communicate with the wounds of entrance 
or exit. Occasionally, despite the fact that a bullet has glanced oft the skull 
without penetrating it, fragments of the internal table may be detached and 
driven against the brain with sufficient violence to produce severe cerebral 
damage. 


FBACTURE DUE TO TRAN.SMITTED STRE.SS 

As already indicated the destructive energy of blunt force is fre- 
quently transmitted in such a manner as to result in a fracture at a con- 
siderable distance from the site of external impact. The two most important 
factors in determining whether or not disruptive stresses will be trans- 
mitted to other parts of the skull are first, the elastic properties of bone 
at the site of impact and, second, the velocity of the impact. If the skull 
is relatively inelastic at the site of primary impact it will resist deformity 
and break locally at the moment when the distorting force exceeds the cohes- 
iveness of the bone. If the bone at the site of impact is elastic and if the 
energy of impact is liberated slowly enough to overcome its local inertia, the 
skull will be deformed and fracture will occur at tbe site of greatest mechanical 
disadvantage. 

The base of the skull is comprised of relatively heavy bones which tend 
to break rather than bend when subjected to deforming force, whereas the 
bones comprising the A^ault are thin and relatively elastic. The base is 
accordingly more AUilnerablc to fracture when subjected to a deforming force 
than is the vault. Thus, a frontal impact characteristically results in a frac- 
ture which begins at or near the site of injury and runs backward through 
the base of the anterior fossa. An impact against the side or back of the 
head characteristically results in fractures which run, respectively, inward 
through the middle or anteriorly through the posterior fossa. 

Fractures of the base, also, result from forces which tend to drive the 
skull against or to tear it away from the spine. Thus, a blow on the top 
of the head or a fall on the buttocks may force the skull against the spine 
with sufficient violence to break a circular or ovoid plate out of the floor 
of the skull around the foramen magnum. Similarly, the upward thrust 
of an impact from below against the back of the head may exert sufficient 
shearing stress at the craniospinal articulation to produce a circular fracture 
of the base. Such a fracture raa)’’ encircle or communicate with the foramen 
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magnum. If the lateral limbs extend forward through the petrous portions 
of the temporal bones they are likely to communicate with each other in 
or behind the sella to complete the circular fracture anteriorly. 

INJURIES OF THE INTRACRANIAL MEMBRANES AND THEIR VESSELS 

A blunt impact to the head may injure the dura, the dura and leptomen- 
inges or only the leptomeninges. 





I'lG. s. — Coninion Sites of Posttraiiniatic Intracranial Hemorrhage: 
A. Epidural. Usually with fracture and beneath site of impact. B. Sub- 
dural. With or without fracture. May or may not occur at site of im- 
pact. C. Subarachnoid with superficial cerebral injur3’. With or without 
fracture. May occur at site of impact, at opposite pole of brain, or in 
both situations. 


As already indicated, the dura is lacerated whenever the separation of 
the edges of the fractured bone exceeds the elasticity of that membrane. 
A defect in the dura is not in itself important except as it may create a portal 
of entry for infection, be associated with hemorrhage or predispose to the 
formation of adhesions between skull and brain. Dural defects in the vault 
or in the posterior fossa do not ordinarily predispose to infection. Defects 
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in the base, however, may lead to a direct communication between the pia- 
arachnoid and the middle ear, the accessory air sinuses or the nose. 

Two sites of dural injury are of particular importance in relation to 
intracranial bleeding. One is in the vicinity of the great venous sinuses and 
the other along the course of the middle meningeal artery. Laceration of 
the former may lead to the rapid accumulation of a massive subdural hema- 
toma and laceration of the latter often results in the formation of a rapidly 
fatal epi- or subdural hematoma. 

It should be borne in mind that traumatic subdural bleeding frequently 
occurs without coexistent damage to the dura itself. A blunt impact, even 
though the skull remains intact, ma}^ cause sufficient agitation of the intra- 
cranial structures to lacerate the small veins that bridge the subdural space. 
Such vessels are most numerous in the vicinity of the sagittal sinus and 
beneath the under surface of the temporal lobes. 

Case 6 . — An elderly man, living alone in a rooming house, was found dead in bed 
one morning. He had been heard to enter his room at about 1 1 too p.ir. on the pre- 
ceding evening and had appeared to be in his usual good health when last seen alive 
at 7 :oo p.m. His door was locked from the inside, and there was a telephone on his 
bedside table. There was no external evidence of injury and it was assumed that tlie 
decedent had suffered a heart attack during the night. Since, however, there was no 
available history of previous heart trouble it was decided to perform an autopsy. 

Postmortem examination disclosed a theretofore unsuspected bruise on the back of 
the head and a large recent subdural hematoma over the right hemisphere. Police 
investigation of the movements of the deceased during the evening prior to his death 
revealed that he had fallen while ascending the steps of a friend’s house. According 
to the friend, he had been stunned a few moments but recovered sufficiently to play 
a game of cards. At about lo :oo p.m. he complained of a headache of increasing 
severity and had gone home. 

It was apparent from the medical evidence that death had resulted from violence 
rather than from natural causes. The existence of a considerable amount of accident 
insurance made this finding a matter of practical rather than academic interest. 

Old persons and chronic alcoholics are particularly susceptible to head 
injury, and subdural hemorrhage ma)'’ follow impacts so mild that little 
or no immediate attention is paid to toeir occurrence. The bleeding is often 
so slow that days or even weeks elapse before its occurrence is recognized. 

If, as is sometimes the case, the arachnoid is also torn, cerebrospinal 
fluid may escape into the subdural space and mix with the blood. Obviously, 
in such circumstances, there will also be an escape of blood into the cerebro- 
spinal fluid. 

The leptomeninges are likely to be damaged concomitant^ with the dura 
if the latter is lacerated, and concomitantly with the cerebral cortex if the 
brain is severely .bruised or lacerated. If both the dura and the aradmoid 
are lacerated at the same site cerebrospinal fluid is free to escape into the 
extracranial tissues or spaces. When such defects communicate wth the 
nose, ears, or accessory air sinuses, leptomeningitis is likely to result. 
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blood vessels may cause unconsciousness. The latent i^eriod between injury 
and loss of consciousness from hemorrhage may be seconds, minutes, or many 
hours, depending upon the rapidity of the bleeding. An individual who is 
“knocked out” by a fall and who regains consciousness after a few min- 
utes, only to lose it again after a few hours because of intracranial bleeding, 
constitutes a good example of both “concussive” and “nonconcussive” uncon- 
sciousness. 


CEREBRAL INJURIES BY BLUNT VIOLENCE 

The impact of skull against brain beneath the site to which external 
force is applied may result in contusion, laceration, or crushing of the under- 
lying cortex. The force may be sufficient to destroy a large part of a lobe, 
or it may be expended in the production of a shallow bruise of the eminences 
of one or two of the subjacent convolutions. After either bruising or lacera- 
tion localized ischemia induced by the interruption of small blood vessels 
may result in secondary enlargement of a lesion. The contraction of scar 
tissue at the site of a cerebral injury may result in the development of func- 
tional disttu'bances from a theretofore silent lesion. 

Neither contusion nor laceration is necessarily limited to, nor do they 
necessarily occur in continuity with the site of external impact. If the 
impact is sufficiently severe the brain may be displaced so as to collide 
with a fold in the dura with sufficient violence to cause laceration. Thus, 
the corpus callosum may be torn by being tbrust against the falx cerebri or 
the peduncles may be lacerated by collision with the tentorium. ^Vhen such 
lesions are produced, other more severe injuries to the brain are usually 
sustained. 

The mechanism by which coutrecoup injuries of the cortex are produced 
is not always clear. The impact of a moving head against a stationary 
object frequently results in cortical damage on tl;e side opposite that which 
sustained the external impact. Thus, a fall on the back of the head frequently 
results in the production of more extensive cortical injury to the frontal than 
it does to the occipital lobes. Similarly, it is not unusual for a blow over 
the left hemisphere to result in damage to the right or for a blow over the 
frontal region to cause injury of the occipital lobes. Occasionally contralateral 
injury results from an impact -syhich neither sets the head in motion nor 
brings the moving head to a stop. In such an event the contralateral lesion 
is most plausibly explained on a basis of contusion. The skull is compressed 
bilaterally and the brain is squeezed between the inwardly moving sides. 

In most instances contusion fails to provide a satisfactory explanation for 
contrecoiip injury because the nature of the trauma is such that the oc- 
currence of a contralateral impact between skull and brain is extremely 
unlikely. The most common type of injury to result in a coutrecoup lesion 
of the cortex is a fall in which the rapidly moving head strikes a resistant 
object. In such an event, the forward momentum of the brain will tend 
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to tear it away from the side of the skull opposite the point of impact, 
and the traction thus exerted on the arachnoidal trabeculae leads to lacera- 
tion of the underlying brain substance. 



Fig, 7. — Photograp)] of the under surface of a brain showing the effect of 
dnect and couti ccoup injur\. The external impact was sustained on the right side 
of the hack of the head. The diiect effect of the blow is seen on the surface of the 
light lobe of the cerebellum and the coiit) ccoup injuries are most pronounced at the 
antei 101 pole of the left frontal lobe. 


DIFFUSE CEREBn.\L IX.IURY BY BLUNT IMPACT 

The mechanism by which blunt impact produces diffuse in contrast to 
local injuries of the brain is often obscure. Whereas superficial bruising 
and laceration can be attributed to compression or traction, no such simple 
explanation suffices to account for the widely disseminated internal lesions 
that are occasionally sustained. Such lesions usually take the form of multiple 
petechiae or scattered foci of degeneration and necrosis. That they are 
probably caused by agitation of the brain as a whole is indicated by the 
fact that they are sometimes observed independently of a recognizable cortical 
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lesion. Disseminated foci of progressive gliosis following nonpenetrating in- 
juries of the head probably have their origin in such lesions. 

PBNET1U.TING INJURIES 

There is little to be said regarding the mechanism of injury incident to 
penetration of the brain other than to call attention to some of the special 
characteristics of wounds produced by bullets. Regardless of the size, shape 
or velocity of a bullet, when it strikes the skull with sufficient force to 
penetrate, it usually produces a larger defect where it emerges from the 
inner table than where it enters the external table. In doing so multiple 
fragments of bone, each constituting a secondary missile, may be driven into 
the cortex in the vicinity of the tract of the bullet. 



Fig. 8. — Photogmpli showing the forward and later.nl thrust imparted by a bullet in 
its passage through clay. It is to be noted th.nt the diameter of the resulting defect is 
much greater tlian that of the bullet. The muzzle of the gun was appro.\imately i8 inches 
from the target at the moment of firing. 

Frequently the bullet is thrown off center as a result of its impact against 
bone so that its wobbling produces a larger defect in the brain than would be 
expected from the diameter of the projectile. Whether it wobbles or not 
a bullet imparts a lateral and forward thrust to the medium through which it 
passes, the result of which is the production of a broad cylindrical- or 
spindle-shaped defect in a tissue as soft as the brain. High velocity bullets 
such as are fired from military weapons and from certain sporting rifles are 
likely to disintegrate into many fragments as they pass through the body. 
Each such fragment becomes a secondar}'^ missile and contributes to the total 
effect of the injury. 


SUMMARY AND CONCLUSIONS 

It has been attempted in the foregoing discussion to relate some of the 
more common traumatic lesions of the scalp, skull, meninges, and brain to the 
kinds of mechanical disturbance responsible for their production. 

From a medicolegal standpoint, it is important not only to know the kind 
of lesion that may be regarded as the natural consequence of a given type 
of injury, but also to be able to reconstruct the probable circumstances of an 
unwitnessed injury from the character and location of the anatomic lesions. 

Mechanical injuries of the head have been classified as penetrating and 
noigienetrating. The principal differences between penetrating and non- 
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FORENSIC ASPECTS OF BURNS 

SPECIAL REFERENCE TO APPRAISAL OF TERMINAL DISABILITY 

Robert Henry Aldrich, M,D. 

Bostox, MjVss. 

The burned patient presents a great many problems that concern the 
lawyer as well as the doctor. The immediate problem of saving life and 
restoring the burned individual to society is the primary care of the physician, 
but, unfortunately, the final outcome frequently is complicated by factors 
producing results that are far from perfect. These factors are of interest to 
the lawyer who is attempting to determine the proper methods for evaluating 
legal settlements. It is true that the lawyer can turn to the medical pro- 
fession for aid, but he himself should know something of the fundamentals 
presented by the burned patient to enable him to more quickly, and more 
justly, complete his work. 

In peace-time liurns occur all too frequently. According to statistics 
published by the National Safety Council in 1940 and 1941, burns killed 23 
per cent of all children under the age of five who died from accidental 
means. From age 5-15, burns killed 13 per cent of all those dying violent 
deaths, and from 15 years on burns took a yearly toll of six per cent of 
all victims exterminated by accidents. There are no statistics to indicate 
the number of people who received burns but lived. However, from the 
figures obtained at the Boston City Hospital, where there is a very large 
burn population, it is evident that about 1000 patients receive burns and 
live, for the one who is burned and dies. Approximately ten per cent of 
those that live are badly enough burned to be hospitalized. It is in this 
group that the many problems of interest to the lawyer occur. 

There are a number of angles which have to be studied by the lawyer 
to arrive at his final decision. Most of these can be, estimated if he knows 
the cost of medical care, the time-element involved, the immediate disability 
after healing is complete, and the probabilities and possibilities regarding 
future pathology. 

DEFINITION OF A BURN 

A burn is a loss of continuity of the body surface due to a coagulation and 
destruction of skin and subcutaneous tissues by thermal changes, including 
both heat and cold, by chemicals, by electricity, and by radiation. No dis- 
tinction should be made between a burn and a scald, inasmuch as they are 
pathologically the same, and must be considered identical from the viewpoint 
of physiology and treatment. 

CLASSIFICATION 

The classification of burns refers to the depth of the pathology or to the 
amount of tissue involved. In the past, the classification of Dupuytren was 
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THE PATHOLOGY 

When a burn is ]M'ocluced by tbennal changes and chemicals there is 
immediate destruction of the tissues involved in the local area. The destruc- 
tion is one of coagulation, the living cells are converted into necrotic tissue, 
the blood and nerve supply to them are interrupted, and they become a foreign 
body to the host. Shortly after this occurs there is a dilatation of to 
capillary blood vessels around the burned area. Those capillaries near the 
site of the burn undergo a change in the permeability and allow plasma to 
escape into the interstitial spaces. This escape of plasma compresses the 
return flow of lymph. Outside of the area of local edema there forms the 
so-called pyogenic membrane, which consists of a thin wall of round cells. 
These leukocytes act as a defense mechanism to prevent invasion of the body 
by germs. The edema of the burned part usually reaches its peak in 12-18 
hours, and remains for a period of three to seven days. At the end of that 
time there is reabsorption of the lymph and repair processes begin to set in. 
The exact nature of these depends entirely upon the site of the burn, its 
size, and the general condition of the patient. 

Burns of roentgenray origin and electrical burns are apt to be slower in 
manifestation and much more extensive due to the penetration of the electrical 
energy. The destruction of tissue, however, is just as concrete and involves 
the body in the problem of repair. 

SHOCK 

Burn shock is a manifestation of symptoms and physical signs seen in 
practically all large burns. The mechanism of shock is still not completely 
understood. It is known that in shock, whatever may be its origin, there 
is a certain specific syndrome. This consists of a fall in blood pressure, 
associated with a decreased coronary output, a change in the capillary per- 
meability on the body as a whole, releasing plasma from the blooa stream 
into interstitial spaces, and a general depletion of all of fhe vital" functions 
due to anoxemia, lowered venous pressure“tmd a depletion of the circulation. 

In most major burns the factor of 'shock is the immediate problem, and 
must_^be combated with -heat, rest, the control of pain, and intravenous re- 
placement therapy if the patient is to survive. The amount of shock depends 
on the size of the burn, the part of the body burned and, to a certain extent, 
with the speed in which the burn takes place. It is conservative to state that 
at least "75 per cent of the deaths that occur in the first 72 hours following 
the inception of the burn are due to shock. 

INFLUENCE OF SIZE OF BHKN ON DISABILITY AND LIFE 

Burns can be divided into the classification of major and minor, depend- 
ing on the surface area involved : Empirically, a minor burn is one in which 
less than 15 per cent of the body surface is destroyed. A major burn is one 
in which there is involvement of more than 15 per cent. This may seem, 
at first, to be a didactic classification, but it is essential when it is realized 
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but the end-result is not always ideal. The factor of the depth of the burn 
has a large bearing on what the final outcome will he and the disabilities that 
may result. 

A first degree burn heals by a return of the erythema to the normal 
circulation and by desquamation. The hornified layer of the epithelium peels 
or flakes away over a period of a few days. The underlying skin builds 
up a new hornified layer. This is done with no scarring and with no real 
disability except that caused by pain or by the systemic reaction which is 
usually present for only 24 to 48 hours. The systemic reaction probably 
results from both pain and the action of the actinic rays on the body. There 
can be no absorption of a poisonous protein, and there can be no infection as 
there is no portal of entry caused hy a break in the skin. In severe sunburns, 
heat prostration or sunstroke may occur. 

Second degree bums heal by building up an intact skin from the dermis. 
The epithelial cells composing the dermis have to undergo a change in char- 
acter to assume the role of the epidermis. The fact that the floor of the 
burn is paved with epithelium results in fairl}'^ rapid healing with little, if 
any, permanent disability or deformity. Second degree burns are apt to be 
more painful than the third degree type because the nerve endings in the 
skin have not been killed, but have been exposed. This increase in pain is 
apt to produce a greater degree of shock. The dermis lias little immunity 
to infection, and may allow a severe infectious toxemia to occur. If second 
degree burns are cared for properly and the dermis is not killed by infection 
or by harsh local treatments, there is never need for skin grafting, and the 
cosmetic and functional result will be almost perfect. 

Third degree burns heal in one of two ways, depending upon the depth 
of the burn. If only the full-thickness of the skin is destro3’'ed healing will 
eventually occur by the spread of the islands of epithelium that are beneath 
the skin at the bases of the hair follicles and sweat glands. These islands 
will eventually come to the surface of the granulating wound and will spread 
and coalesce, giving a scar that is quite thin and flexible. This scar, while 
it is not always ideal in appearance, usually does not disturb the function of 
the part involved. When the burn involves the entire skin and the under- 
lying tissues, healing can only progress from the edges of the wound or from 
skin transplanted from other parts of the body. This is the type of burn 
that gives rise to severe contractures and deformities if too long a time- 
element elapses before the burned surface is covered. In the granulation tissue 
that builds up in the burned areas contracture bands are formed from fibro- 
blastic cells. These contracture bands can be very dense and can produce 
many untoward results. 

IMMEDIATE DISABILITY FOLLOWING_A_BUEN ^ 

The immediate disability following a burn consists of shock and toxemia. 
The shock occurs very shortly after the burn takes place and may last from 
only an hour or two up to a week or ten days, depending on the size of the 
burn and the treatment instituted. The toxic phase, due to infection, begins 

580 







7 


5'i^ 




'"'-~v,c;rr /o-.. , 

=57^ ,.. . „ r 

- «c;5’- s* scir" ? 

^^Phnatnr ^ ^^tivitv -p, ^^siujjq ^ ^Pnient of ^^^^stance 

^'■'= 4 4 aV°'^' '■« 447rr''' e„,o. 

p.4,“-c<e.e. Of a„. 

Soine of fi niSATf ^'^^uate t/jg . 

"’0„„,3 afS4=;-^ec, 

"’0 bun, Jaj 'ooy p..^ 

apparently j,.,, ^PPearence „ 

53^ -> nealed. j( ■ ’oe „,g 

possible for 



ROBERT HENRY ALDRICH 


Annals ot SurKcry 
April, 194a 


contractures and keloid formation to occu- in burns that are fairly old. If 
such contractures interfere with the movements of the body, it is impossible 
for the individual to assume all of his former functions and duties. Fre- 
quently, contractures can occur around orifices of the body preventing or 
interfering with the natural functions such as defecation, urination, sexual 
intercourse, and even eating. Late disabilities are prone to produce a lack 
of social adjustment, thus having a direct bearing on the emotional stability 
of the patient. 

COAIPLICATIONS AND MORBIDITY 

When a patient has undergone a long period of convalescence char- 
acterized by a profound state of shock in the beginning and many months 
of infectious toxemia, many organs of the bod}"^ become injured beyond repair 
even though they are far removed from the site of the burn. Renal compli- 
cations, such as nephritis, may have a permanent influence on the general 
health of the patient and his life expectanc3^ Prolonged infection can also 
injure the heart and may force the patient into a sedentary life. Electrical 
burns may cause permanent nerve or brain injury and may have a bearing 
on the sexual development and the sex life of the patient if the current 
involves the gonads. It is also a well-established fact that skin cancer is 
much more prone to develop in the scars produced by burns than in normal 
skin. All of these complications must be considered in evaluating the pos- 
sible or the probable end-result the patient may expect. 

THE CO.ST or BURNS 

Because burns result in such profound and immediate disability, they 
are apt to be exceedingly costly to the individual or to the institution caring 
for the individual. All patients with large burns need very special care 
and constant attention. From the medical aspect large burns must be seen 
by the physician at least once a day and in extreme cases three and four 
times a day. These burns need trained nurses in constant attendance. Fre- 
quently, consultations with specialists must be obtained to determine plans 
of treatment. The treatment itself consisting, as it does, of large quantities 
of plasma, special diets and expensive vitamins, is not a cheap one. After 
the patient is healed he may have to undergo extensive plastic operations, 
involving more hospitalization and lost time from productive work. Burns 
of one-fourth of the body area, or more, produce absenteeism from employ- 
ment for weeks and months. This loss of production lias to be counted 
in as a part of the cost produced by the burn. 


ESTIMATION OF THE DISABIEITY AS A AVHOLE 

The estimation of the final terminal disability is a composite picture. The 
lawyer or the doctor, or both., must take into consideration all of the f actoi s 
that were present from the time the burn took place, and sometimes it is 
necessar}^ to go back many years before that. In general, it is considered 
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upon the body over a period of time may produce certain types of benign or 
malignant tumor, so far as a single mechanical injury producing trauma is 
concerned, the evidence rests chiefly on reasoning from “post hoc ergo propter 
hoc ” — all too often fallacious. 

SECTION I — TUiMORS DUE TO MECHANICAL TRAUMA 

The minimal criteria necessary are: First, the integrity of the tumor 
site prior to injury must be established; second, the injury must be suf- 
ficiently severe to disrupt the continuity of the tissue at the site, and so 
initiate reparative proliferation of cells; third, the tumor must follow the 
injury by a reasonable length of time; and fourth, the tumor must be of a 
type which might reasonably develop aS a result of tbe regeneration and 
repair of those tissues which had received the injuiy. 

These criteria have been evolved gradually,-’ L and appear sound in 
the light of our present knowledge. 

The mere coincidence of two rare events, such as an injur}’^ in an unusual 
part and the subsequent development of a tumor in that part does not neces- 
sarily establish a causal relationship. 

One requisite, sometimes mentioned in the literature, for the implication 
of a single trauma as a causative factor in tumor production is the presence 
of so-called bridging symptoms; that is, symptoms that continue to give 
evidence of the continuance of disability from tbe time tbe injury is sustained 
to the time the tumor makes its appearance. Among these are continuity 
of pain, persistence of swelling, persistence of induration or of ulceration. 
However, this group of symptoms is of little practical importance in estab- 
lishing causal relationship with the trauma and has no bearing either from 
the negative or positiA^e standpoint. EA’^en in instances AA’here a tumor is 
incited by the subcutaneous injection of carcinogenic substances in experi- 
mental animals, such as methylcholanthrene, there may be no continuity of 
signs from the time of injection to the time of the appearance of the induced 
sarcoma. On the other hand, merely because inflammation, ulceration 
or swelling have been present in a region, there is no certainty that the 
subsequently diagnosed tumor is in any \A'ay due to the conditions associated 
with the persisting signs and symptoms. Indeed, such signs and symptoms 
may actually be due to a tumor already present before the injury and masked 
for a time by the inflammatory and reparati\'e processes following the trauma. 

Tbe previous integrity of the part ma}'^ be assumed if its appearance and 
function have been normal. Only rarely is a thorough medical or radiologic 
examination available for reference in this regard. In many instances local 
trauma only calls attention to a tumor already present but unnoticed. 

The adequacy of ti’auma is usually not difficult to determine. The injured 
person usually has had a careful medical examination soon after the eA’ent 
and there is often obseiwation of the injured part at frequent inteiwals for 
an extended period of time. These obserA'^ations may be made by the simple 
means of inspection and palpation or the}’^ may be supplemented b}”^ various 
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automatically ruled out. Any tumor of cell type foreign to the part would 
be considered metastatic rather than primary. 

Curiously enough, although sarcomas of bone are among the tumors 
most often considered as of traumatic origin, they practically never appear 
after the thousands of fractures that annually provide adequate trauma for 
tumor development. 

Knox^ stated, in 1929: “Much of what has been published (in regard to 
traumatic cancer) is utterly unprofitable to read” — unfortunately, this holds 
as well today. 

Shear® notes that the application of mechanical trauma to the point of 
injection of methylcholanthrene exerts no accelerating effect on tumor forma- 
tion and, possibly, inhibits the development of the tumor somewhat. 

Much consideration has been given to tumors developing in scar tissue, 
thus indirectly relating the genesis of tumors to a previous trauma. Trau- 
matic epithelial cysts are known to occur as a result of trauma driving 
epithelium down into the deeper tissues, but have little clinical significance.’’ 
It has been clearly established that the epithelium overl)dng the scars of 
burns is peculiarly likely to become malignant. If there is a chronic per- 
sisting ulcer in the area of the scar, this is even more likely to bring about 
development of malignancy. Ullman® states that as high as 80 per cent of 
these cancers developing in scars occur in the scars of burns. 

Fischer-Wasels® felt that only those scars following freezing or burning 
might be a source of carcinomatous change. This concept is too narrow, 
however. 

The latent period before scars become cancerous may be extremely long, 
instances of 50 years or more having been reported. 

Certain types of cancer may develop following chronic irritation,’® where 
repeated trauma activates degenerative and attempted reparative changes over 
a long period of time. While the great majority of chronic ulcers never 
become malignant, in a few, the attempted reparative processes may ultimately 
lead to neoplastic proliferation. In instances where this type of origin of 
tumor is alleged, the contributory negligence of tbe employee in permitting 
the chronic irritation to continue without adequate medical treatment should 
be carefully weighed. 

One of the most difficult points to decide is whether or not trauma can 
change a benign tumor into a malignant one or can increase the malignancy 
of a cancer already present. It is, of course, obvious that if the malignant 
tumor is of a diffierent cell type from the preexisting benign, tumor, there 
can be no relationship. On the other hand, if it is a malignant variant 
of the same cell type the question remains open. Here, no general rule can 
be laid down, but in coming to a decision, it must be remembered that benign 
tumors' may take on malignant characteristics entirely without the inter- 
vention of trauma. 

I have never seen an instance in which there has been satisfactory 
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evidence of a single mechanical trauma converting a benign tumor into a 
malignant one. Many times, however, evidence appears sound that benign 
pigmented nevi may be converted into malignant melanomas by single or 
repeated injuries of various sorts. To prove aggravation of a preexisting 



Fig. 2 . — Multiple keratoses and epidermoid cancer developing in a coal- 
tar worker following some 30 years’ exposure. 


tumor by injury, it is, of course, necessary to establish that the tumor 
existed prior to the injury, that perceptible damage was done to it b}’’ the 
injury, and that the tumor’s subsequent course was accelerated over that 
which would be ordinarily expected These factors can be evaluated 
only by detailed clinical and pathologic study of each case. Some evidence 
exists that mechanical trauma to a malignant tumor will facilitate its in- 

589 




SHIELDS WARREN 


Annals of Siirsery 
April, 1943 


vasion of adjacent structures and the escape of cells to establish metastases 
elsewhere. 

To summarize, a single trauma rarcl}'-, if ever, causes a cancer, in spite 
of many case histories purporting to establish that fact. Repeated trauma 
may, rarel}^ produce a cancer, as may trauma to a scar. Trauma may aggra- 
vate a preexisting tumor. 

SECTION II — OCCUPATIONAL TUMORS 

Occupational tumors are those neoplasms that arise as a result of contact 
with some exogenous agent, physical or chemical, brought about by some 
phase of the regular work of the individual concerned, that leads to an 
independeiit proliferation of cells. 

The soundest criterion for the occupational character of a neoplasm is the 
proof of the occurrence of a tumor of a particular type, and in a particular 
portion of the body, among the workers of a given industiy significantly 
more frequently than in the general population of_ comparable age and sex. 

As secondary proof of the occupational character of a tumor, the pro- 
duction of tumors in experimental animals by the suspected agent, is of 
great value, but it is not a prime requisite. It must be remembered that 
the susceptibility to various carcinogenic agents of different animal species, 
and even of individuals within the same species, is not at all uniform, and 
it is quite possible that a concentration of a given substance which is car- 
cinogenic for man may be incapable of producing a tumor in the experi- 
mental animal. However, at times the statistical evidence that can be 
obtained relative to the incidence of a certain t3'pe of tunior in a certain 
occupation may be inconclusive and here the experimental reproduction of 
the tumor is of great value. In addition, of course, successful production 
of the tumors in animals greatl}'^ facilitates the development of preventive 
measures. 

So far, much of the information as to the incidence of cancer in the 
general population is derived from’ mortality statistics which not only leave 
something to be desired from the standpoint of accuracy of diagnosis on the 
one hand, but give rather indefinite infonnation as to the morbidity of the 
disease on the other hand. From the occupational standpoint, one is con- 
cerned primarily with cancer morbidity rather than with cancer mortality. It • 
is to be hoped that with the passage of time an adequate mass of data as to 
the number of cancer cases in the general population may become available. 

Sometimes it is not enough to know that an individual works in a 
certain general field. Thus, an oil worker may come in contact with Scotch 
shale oil, which has a marked tendency to produce occupational skin cancer 
with paraffin base petroleum oils, which are rarely associated with cutaneous 
malignancy f' ^ or with asphaltic American crude oils, which have almost 
never produced a skin cancer. It is, therefore, important to know the 
exact nature of the occupational exposure. 

Occupational tumors must be sharply distinguished from tumors which 
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d. Neoplasms resulting from impingement of roentgen or other radia- 
tion on the deeper tissues. 

2. Excretory Contact Tumors : 

a. Tumors of the urinary tract resulting from an exposure to certain 
aromatic amines excreted in the urine. 

3. Depository Contact Tumors : 

a. Cancers of the skin associated with the deposition of arsenicals in 
the cells of this organ. 

b. Sarcomas of bone, leukemia, and leukemoid reactions following the 
storage of radioactive material in the bones. 

4. Tumors in Tissues as a Result of Parasitic Infestation: 

a. Cancer of the bladder following bilharziasis. 

The first clearly established occupational tumor is the chimney sweeps’ 
cancer that was reported by Percival Pott,*' in 1775. Here we have an 
example of a skin cancer developing in an unusual site (the scrotum) with 
surprising frequency in men following a particular occupation in a particular 
region (the British Isles)." It is interesting in this connection that chimney 
sweeps on the continent of Eui-ope have not shown a high incidence of scrotal 
cancer similar to the English workers. This difference is due to the presence 
of a specific inciting factor in the type of coal that was burned in England 
as distinguished from that burned in Belgium or Germany, for example. 

From these observations of Pott, interest in coal-tar as a possible inciting 
agent of tumor continued for many years. This reached its culmination in the 
isolation from coal-tar of a specific group of chemical products known as 
the carcinogenic hydrocarbons. While, as 3'et, their carcinogenic activity 
for man has not been proved, they are highly carcinogenic in certain of the 
animals. , | j 

The first experimental cancer produced b}'- chemical means was the skin 
cancer of the ear of the rabbit produced by Yamagiwa and Itchikawa,® in 
1915. Thus, the experimental proof lagged more than one hundred years 
behind the statistical proof of the occupational character of chimney sweeps’ 
cancer. In many other fields, however, chiefly because of the greater interest 
in the experimental method and the facilities for experimental work avail- 
able during recent years, the time between statistical establishment of the 
occupational character of the disease and experimental evidence of its rela- 
tion to any specific substance has been considerably lessened. Thus, Mart- 
land^® established, within a shoit time, the occupational character of the 
osteogenic sarcoma developing in radium dial painters. 

The skin is by far the most frequent site of occupational neoplasms. This 
is to be expected in view of the very wide range of agents to which the 
skin is exposed, as contrasted with other of the tissues of the body. An im- 
portant factor in the development of certain skin cancers is the amount of 
pigmentation that the skin contains. In general, the most heavily pigmented 
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skins are those which are least susceptible to damage from sunlight or other 
forms of radiant energy. 

The mule spinner's cancer also deserves special mention. This is, again, 
one of the long recognized occupational tumors, and develops as a result 
of long exposure to oil, usually that derived from shale. Henry’^ gives the 
longest period of exposure prior to onset of this skin cancer as 63 years, and 
the shortest 16 years. 

In practically all of the occupational cancers of the skin there is a 
precancerous phase during which the surface epithelium is heavily keratinized 
and has a rather marked tendency toward the development of warts or papil- 
lomata. Frequently the openings of the hair follicles and sebaceous glands 
may become obstructed and active proliferation may occur in the deeper 
epithelial cells. There is frequently a lymphocytic infiltration of the under- 
lying corium and the line of demaixation between the corium and the over- 
lying epithelium becomes indistinct. Sometimes the cancers arise from foci 
of small, atypical epithelial cells within an otherwise not remarkable skin. 

Several other types of occupational cancer deserve special mention. The 
cancers of the bladder developing in those working with aniline and certain 
of its derivatives became established as an occupational disease,® in 1883. 
These cancers of the bladder develop as a result of the excretion of the 
inspired material through the kidneys and the i>rolonged persistence of the 
injurious agents in the urine held in contact with the bladder wall. Tumors 
of the bladder (both benign papillomas and cancers) are not only much more 
frequent in workers exposed to this group of compounds but develop in them 
at a younger age than in the general population. Thus Hueper® states that 
over half of the number of cases of aniline tumors of the bladder develop 
before the age of 50, much earlier than in those not exposed to aniline and 
its products. The bladder tumors may develop after a relatively short expos- 
ure to the injurious agents.® Thus, out of 79 malignant tumors of the bladder 
that developed in a group of workers, eight appeared during the first five 
years, and 21 during the first ten years of exposure. 

Careful clinical observation and experimental work have established that 
many of the aniline compounds are harmless, whereas a few, as betanaph- 
thylamine, have marked potency in producing bladder cancer. 

One of the best publicized occupational tumors is the radiation cancer of 
the skin, from which so many of the pioneer workers with radium and 
roentgen ray died.^®' Fortunately, we now know enough about the char- 
acter of the disease to afford protection. Repeated minor exposures to the 
short wave radiant energy gradually bring about pathologic changes in the 
skin which lead to ulcerations and keratoses; later these nonmalignant lesions 
take on definitely malignant characteristics. The occupational character of 
radiation cancer of the skin was recognized early, the first occupational cancer 
due to radiation being reported within seven ^xars after the first clinical 
use of the roentgen ray.^“ 
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Certain tumors may arise in greater frequency among certain occupational 
groups, but are not properly considered occupational because not peculiar 
to that particular group of workers. Thus, the farmers in the South appar- 
ently have a higher incidence rate of skin cancer than is to be expected 
for a corresponding age and sex group of the entire population. However, 
since exposure to sunshine and weather is a factor common to all, varying 
only in degree, it is hardly proper to consider these skin cancers as truly 
of occupational origin. 

Another disease, perhaps not properly occupational, is bilharziasis of the 
human bladder. It has been known for thousands of years that the schis- 
tosomes are peculiarly apt to involve agricultural workers when exposed to in- 
fected mud and water, in those regions where the parasitic infestation is 
prevalent. Conditions of the Nile delta are apparentl3^ ideal for the de- 
velopment of this infestation, and it may properly be considered as an 
occupational disease of farm workers in such localities. Larvae penetrate 
the skin from infected mud or water or penetrate the mucous membrane of 
the gastro-intestinal tract after the drinking of infected water. The larval 
worms reach the liver and come to adult development there. They then mi- 
grate to the venous plexuses of the pelvis, especially those of the bladder wall. 
Some of the eggs penetrate the mucous membrane and lie witbin the bladder 
or the rectum. Their presence leads to a chronic inflammatory reaction in 
the bladder wall, not infrequently with patches of leukoplakia. From this 
injured epithelium papillomas and cancers may arise. 

In general, the mesenchymal tissues are relatively well protected against 
the access of the various chemical factors. As a result, none of the numerous 
chemical substances which may induce epithelial tumors in human beings 
produce either sarcomas or benign tumors of mesenchymal origin. HoAvever, 
it must be remembered that this apparent immunity probably rests not so 
much on the characteristics of the connective tissue cells themselves as on 
their protection from prolonged exposure. 

Since Diesel engines have come into more common use, the forcing of 
oil deep into connective tissue and muscles by the high pressure spray is 
not unusual, and it will be intensely interesting to see whether, with the 
passing of years, some of these lesions develop neoplastic tendencies. 

Undoubtedly, if we can judge fairly from our past experience, there 
are at present in use in industry compounds which will prove in later years 
to have been carcinogenic. It is of the utmost importance that every pre- 
caution be taken to protect workers from appreciable contact with sub- 
stances other than those proved to be innocuous. Those workers in par- 
ticularly hazardous fields, such as radium dial painters, should be carefully 
followed by all means of protection possible, and, in addition, frequent checks 
should be made of the actual conditions existing in the plant, both as to 
the hazards which exist under normal circumstances and those which may 
exist through some fortuitous chain of events. 
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For years the problem of traumatic abortion and miscarriage has in- 
terested obstetricians, baffled lawyers and vexed insurance companies. These 
three groups are brought together in the courtroom to see that justice is 
served in those cases involving trauma, either physical or ps3^chic, which 
is alleged to have caused the pi-emature expulsion of a nonviable fetus. 
It is the consensus of opinion, of at least the average conscientious expert 
medical witness involved, that, all too often, justice is not served and that 
the plaintiff is awarded damages for an abortion or miscarriage in which 
the trauma was, at most, only coincidentally concerned. It is the purpose 
of the present communication to examine and put forth the factual relationship 
between trauma and abortion or miscarriage. 

Medically" speaking, abortion is defined as the premature expulsion of a 
nonviable fetus. Broadly speaking, however, the definition should substitute 
the word “ovum” for “fetus,” since, as ivill be shown later, almost one-half 
of the abortuses in the author’s seines contained no fetus at all ; the products 
of conception consisting either of an empty ovisac or one occasionally con- 
taining an unformed emiDryonic rudiment. 

To the average layman, an abortion means the termination of a pregnancy 
by artificial means, either criminall}' or self-induced. A miscarriage or 
“miss” on the other hand, connotes a spontaneous termination of a pre- 
viable pregnancy. To complicate the terminology still further, the average 
medical person regards an abortion as covering the period up to the sixteenth 
week of gestation and a miscarriage as covering the period from the sixteenth 
to the twenty-eighth week of gestation, the average period at which the fetus 
becomes, theoretically, viable. It is clear, therefore, that the term abortion, 
when used in the broadest medical sense, includes all previably delivered 
ova although in a more restricted sense refers to only the first 15 weeks of 
gestation. These factors of terminoiogic confusion must be kept in mind 
by all three of our interested groups when conferring, either with one 
another or with the lay public. Hereinafter the term abortion will be used 
in the broadest medical sense. 

That there is a real relationship between trauma and abortion is ad- 

* Aided by a grant from the Carnegie Corporation of New York, and the Theodore 
E. Brown Research Fund of the Boston Lying-in Hospital. 
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mitted by all qualified medical experts in the field (Taussig^). However, 
the number of boim fide, trauniatically caused abortions is much rarer than 
is generally supposed by the average lay, legal and medical public. It is 
proposed to cite the evidence for this relationship by analyzing a series of 
abortuses examined in the Pathological Laboratory of the Boston Lying-in 
Hospital, either by or under the immediate supervision of the author, 

IMATERIAL AND METHODS — — 

The period encompassed in the study is from February, 1936, to Decem- 
ber, 1941. During this six-year period a total of 1416 consecutive abortuses 
were carefully examined from an embryologic as well as a pathologic point 
of view. Many of these 1416 cases have been submitted by physicians in 
Boston, although moderate numbers of specimens have been received from 
hospitals and physicians in other communities. Since a good many of 
the physicians on the staff of the Boston Lying-in Hospital submit every 
spontaneously aborted ovum from their private practices, it is felt that this 
material, with the specific exceptions of hydatidiform moles and criminal 
abortions, is representative of the variety of pathologic conditions associated 
with spontaneous abortion in general. 

Of these 1416 abortuses, 1000 were selected as the basis of the present 
report. The criteria of selection are based merely on the completeness of both 
the clinical history and the pathologic material submitted. Obviously, an 
incomplete abortion, containing only a tiny bit of curetted decidua and a few 
chorionic villi is not sufficient material upon which to base valid conclusions 
for a study of this sort. Furthermore, a series of 63 hydatidiform moles 
examined in the laboratoiy during this period are excluded from the present 
study since they would seriously invalidate the statistical value of these 
data. Such moles are rare (approximately 1 12000 cases of pregnancy) 
but are prominent in the total series because the author is especially interested 
in that subject and has collected them from all over the country. The 1000 
selected cases, therefore, represent a consecutive series of abortuses which 
are complete enough, both as to history and material, so that valid conclusions 
may be drawn from their study. The round number chosen also facilitates 
figuring percentage values. The general technic used in the examination of 
this material is detailed in Mall and Meyer’s^ classic work reporting the patho- 
logic ova in the first 1000 accessions to the world-famous embryologic col- 
lection of the Carnegie Institution of Washington.* In 1940, the author^ 
published certain data from the first 1027 abortuses examined at the Boston 
Lying-in Hospital pertaining to the genesis of hydatidiform mole. Detailed 
notes on the teclinic of examining these abortuses are given in that paper. 

* It was the privilege of the author to spend a year in the Department of Em- 
br3'ology of that Institution under the guidance of Dr. Franklin P. Mall's successor, 
Dr. George L. Streeter, to whom the author is greatly indebted for instruction in the 
methods of studjdng normal and abnormal human ova. For the past nine years, since 
the initial year of study there, the author has collaborated in the work of that laboratory, 
now under the direction of Dr. George W. Corner. 
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Since it is the consensus of medical opinion that at least ten per cent of 
•all pregnancies terminate in spontaneous abortion, and that only rarely are 
such abortions caused by trauma, the main emphasis in this paper will be 
to point out the apparent primary etiology in looo abortions and to discuss 
in detail the relationships of trauma to abortion in the 13 cases of this 
series in which trauma of any sort antedated the abortion. It should be 
noted here that in only one of these 13 cases was external trauma, an auto- 
mobile accident, responsible for the abortion. In view of the frequency of 
spontaneous abortion and the rarity of true traumatic abortions, it becomes 
of the greatest importance to evaluate mere coincidental trauma in spon- 
taneous abortion. The thesis of this report, therefore, may be summed up 
by stating that, in the opinion of the author, the plaintiff in a case of alleged 
traumatic abortion must present proof of the jjrescnce of a normal pregnancy 
at the time of the trauma and that the abortus shows objective clinical, em- 
bryologic and pathologic evidence of the relationship to the trauma. 


.MAIN CLASSIFICATION OF .MATERIAL 

The classification followed in studying these abortuses is essentiall}' the 
same as that devised by Mall (Mall and J^Ieyer-). Pathologic ova in Mali’s 
original classification are those in Avhich the embryos are absent, very de- 
fective or macerated. The author has modified this classification by exclud- 
ing the macerated embryos from the pathologic group since, broadly speak- 
ing, these embryos are anatomically normal but have died in utero for one 
reason or another. Hence, in this series many so-called normal ova contain 
macerated embryos although the ovisacs show various pathologic changes 
which account for the death of the embryo and subsequent abortion of 
the ovum. 

The following figures are a crude breakdown of the 1000 cases -with 
respect to the main embryologic and pathologic features shown in each 
specimen, although each subgroup Avill be subsequent!}^ discussed more in 


detail ; 

I, OVULAR FACTORS: 

1. Pathologic ova, with absent or defective ciiibiyos -189 

2. Embryos with localized anomalies 32 

3. Placental abnormalities 96 


JI. MATERNAL FACTORS: 617 

1. Criminal abortions 21 

2. Uterine abnormalities 64 


3. Febrile and inflammatory diseases 20 

4. Miscellaneous 12 

5. Anatomically normal ova (classified) 265 

6. Trauma (automobile accident) I vS3 

1000 

I. OVULAR FACTOR.? 

I. Pathologic Ova 

These specimens constitute the largest single group in the series (48.9 per cent) and 
are the t3'pical "'blighted ovum” of the clinician. They aie classified in moic detail 
as follows: 
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Group 1 — Villi Only: This material contains only chorionic villi, whether normal 
or abnormal. Obviously, this group is one of convenience only, since it merely 
classifies the material submitted, which may or may not adequately represent the rela- 
tionship between maternal and ovular tissues. This group, therefore, includes curettings 
from cases of incomplete abortions. Actually very few of the large number of such 
cases in the total series of 1416 abortions are included in this study because of the 
obvious incomplete nature of the material. 

Group II . — Empty Chorionic Vesicle: This type of specimen when intact (as it 
often is) represents the most pathologic type of ovum with which the pathologist has to 
deal. There is no derivative of the inner cell mass; that is, of the portion of the fer- 
tilized ovum destined to form the embrj'O. If the chorion is ruptured,, one might have 
reasonable doubt about the essential pathologic nature of the ovum; that is, the normal 
embryo with its surrounding amnion maj"^ have been lost during the abortion. How- 
ever. if trauma has produced such an artefact in an otherwise normal ovum, one can 
usually see evidence of the torn stump of a normal umbilical cord with its radiating 
vessels. 

Group III . — Chorion Containing Empty Amnion: This type of ovum is only slightly 
less pathologic than the previous one, there being no evidence of an embryo, although the 
amnion is present. Members of this group are, likewise, valid if intact — as they often are — 
although if ruptured, erstwhile normal ova with the embryos missing can usually be 
detected and differentiated from true Group III specimens. 

Group IV . — Chorion and Amnion Containing Nodular Embryo: This type is truly 
pathologic, as the embryonic mass consists merely of a disorganized group of embryonic 
cells. Artefacts in this group would consist of the macerated remains of an otherwise 
normal umbilical cord within either a ruptured or intact amnion. 

Group V . — Chorion and Amnion Containing Cylindric Embryo: If the head end 
of the embryo can be recognized, even though it does not possess any other features 
of an embryo, such a specimen is valid for this group. (It is quite rare in the author’s 
experience.) 

Group VI . — Chorion and Amnion Containing Stunted Embryo: It is possible to 
recognize the embryonic form, although it is much smaller than it should be for the 
menstrual age of the specimen. In addition, one or more portions of the embryo are 
atrophic, deformed or degenerated. These embryos are usually not macerated. This 
is a valid group whether the chorion and amnion are ruptured or not, since the embrj'O 
has to be recognized before the specimen may be placed in this category. 

The vast majority of this large and important group, destined for abortion, whether 
there is associated external trauma or not, belongs in Groups II, HI and IV. They 
tend to abort during the tenth week of gestation. Evidence recently accumulated by the 
author,'^ in collaboration with Dr. John Rock, show that these pathologic ova are 
deficient from the early stages of development before the patient has any knowledge 
that she is pregnant. 

2. Embryos zvith Localised Anomalies 

These specimens constituted 3.2 per cent of the total series. The congenital anomalies 
include many of the common deformities of the nervous system such as spina bifida, 
meningo-encephalocele, anencephaly, etc., which may go to term but are incompatible 
with continued extra-uterine existence. Other anomalies are also found in the group 
such as deformed extremities. That these particular anomalies are responsible for the 
death of the embryo and subsequent abortion of the ovum is not rigidly maintained. 
It is significant, however, that the incidence of congenital anomalies is 4.7 times greater 
in this series than in Murphy’s^ series of stillborn and living fetuses which went to 
term. Hence, the pi'esence of a congenital anomaly in an aborted fetus must be 
prima facie evidence of some general ovular abnormality wbich is expressed by the 
presence of the localized anomaly seen in the specimen. 
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3. Placental Abnormalities 

This relatively large group constitutes 9.6 per cent of the total. Its inclusion in 
the main group of abortions due to ovular factors may be questioned since the etiology 
of the single largest group, the circumvallate placenta, is not entirely clear. However, 
since the circumvallate placenta, which tends to separate prematurely and, hence, causes 
abortion and premature labor, is an abnormal placenta, whatever its cause, it is included 
here under the general heading of abortions due to ovular factors. 

The general group of placental abnormalities, together with the number of cases 
of each variety are listed as follows : 


a. Circumvallate placenta 45 

b. Hypoplasia of the placenta 20 

c. Placenta membranacca, partial 2 

d. Velamentous insertion of umbilical cord I 

e. Hypoplasia of amnion 1 

f. Rupture of marginal sinus 3 

g. Premature senility of placenta 4 

h. Berus* mole (intraplacental hematomata) 19 

i. Succenturiate lobe with total infarction 1 

Total 96 


The common denominator with respect to the cause of the abortion in most of this 
group is death of the fetus and subsequent expulsion of the ovum. Some of the cir- 
cumvallate placentae, when they separate prematurely at their margin, are associated 
with premature labor, in which case the embryo is still living when delivered. 

II. JIATERNAL FACTORS 
I. Criminal Abortions 

This group is necessaril}'' small and constitutes 2.1 per cent of tlie total. It is 
expected that criminally induced abortions would not be numerous in a group of 
spontaneous abortions submitted to the pathologist in an attempt to discover the cause 
of the abortion. However, the author has been interested in the pathologic sequence 
of events in criminally induced abortions and has attempted to acquire material, thus 
accounting for the few cases of this type among the group of otherwise spontaneous 
abortions. The figure of incidence, therefore, is entirely erroneous and much lower 
than actually exists throughout the country. Suffice it to say that the pathologic picture 
is often one of artificial premature rupture of the membranes followed bj'' acute bacterial 
inflammation of the chorion, amnion, placental villi and decidua. 

2. Uterine Abnormalities 

This is a distinct group constituting 6.4 per cent of the total. The various sub- 
divisions of this group, together with the number of cases of each are as follows : 


a. Low implantation of placenta 56 

b. Placenta accreta 2 

c. Bicornuate uterus 2 

d. Multiple leiomyomata of uterus 1 

e. Retroversion of uterus, fixed 3 


Total 

It may be questioned as to why the low-implanted placentae (including five definite 
cases of placenta previa) should be considered as due to any maternal factor. The 
reason for assuming this, as yet unproved, relationship is because of the high incidence 
of placenta previa in multiparae. It seems unlikely that the fertilized ovum of a multi- 
gravida is any different from that of a primigravida although the postpartum uterus of 
the former never quite involutes back to its nulliparous state. 
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3. Febrile and Inflammatory Diseases 

This small but important group constitutes 2 per cent of the total series and includes 
local bacterial inflammation of the endometrium, both acute and chronic as well as 
febrile states from various causes. The cases are listed as follows : 


a. Bacterial inflammation of decidua, acute 12 

b. Small pox 1 

c. Pyelitis with horseshoe kidney 1 

d. Fever of unknown etiologi' 5 

e. Chronic endometritis 1 

Total 20 


It is worth}”- of comment that local inflammation plays a relatively small part in the 
etiology of spontaneous abortion. This is in contrast to the views advanced by Mall 
and Meyer, 1 who ascribed to inflammation a prominent role in the causation of abortion. 
It would appear tliat they misinterpreted the leukocytic response to sterile decidual 
necrosis following thrombosis of sinusoids — a universal finding in all spontaneous abortions 
of whatever etiology. 


4. Miscellaneous 

This small and heterogeneous group (1.2 per cent, is formed as a matter of con- 
venience only. There is no relationship between any of the following group of cases : 


a. Radiation effect on ovaries 2 

b. Erythroblastosis fetalis 3 

c. Surgical removal of corpus luteum 4 

d. Blood dyscrasia 1 

e. Interference with circulation of cord 2 

Total 12 


5. Anatomically Normal Ova (classifled) 

This is the next largest group in the series and constitutes 26.5 per cent of the 
total. These abortuses all have one factor in common; namely, an anatomically normal 
ovum to Avhich various things have happened in utero. The following tabulation gives 
the main subdivisions of 'this large and, in general, unsatisfactory group : 


a. Anatomically normal ova without disease 227 

Fetus, macerated 146 

Fetus, nonmacerated 74 

Fetus, by history only 7 

227 

b. Acute chorionitis, consistent with spontaneous premature rupture of mem- 

branes (fetus macerated in 9 and normal in 5) 14 

c. Positive Hinton and Wassermann tests 3 

(The syphilis was probably not responsible for the abortion) 

d. Infarction of placenta, extensive 13 

(All fetuses were macerated) 

e. Toxemia of pregnancy 5 

(Fetus macerated in 3 and normal in 2 cases) 

f. Trauma (internal) 1 

(Two successive biopsies on sterility patient not known to be pregnant) 

Exploratory celiotomy 1 

Intrauterine lipoidal injection, 7 weeks prior to last menstrual period 1 

Total 263 


It is obvious that the large number of cases (227) in group “a” show no satisfactory 
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cause for tlieir abortion. That the placenta preniaturelj' separated in some of the cases 
(27) and that the patient then went into premature labor is only begging the issue. 
Of course, nearly two-thirds of this group showed macerated fetuses, a perfectly 
adequate cause for the abortion but the cause of the intra-uterine fetal death is still 
obscure. 

Those cases in group “b” who prematurel}' rupture their membranes with subse- 
quent infection of the ovisac and expulsion of either a dead or living fetus are, in the 
last analysis, une.xplained. What causes the membranes to rupture prematurely is unknown, 
although it is the impression of the author that the ovisac is too small in many cases 
as compared to the size of the growing fetus. 

It is interesting to note the relative paucity of cases complicated by syphilis. In 
older dissertations on abortion, syphilis was prominently mentioned as a cause but at 
the present time it would seem to play no etiologic role in spontaneous abortion. 

Toxemia of pregnancy is uncommon during the period of gestation concerned in the 
cases in this study. It may kill the fetus directly, by means as yet unknown, or it may 
cause fetal death by toxic premature separation of the placenta. 

The one case of internal uterine trauma, aside from those in the criminally induced 
group, is of interest from a medicolegal point of view. It illustrates that extreme care 
must be exercised in doing endometrial biopsies on sterility patients, especially after 
the period of implantation of the ovum. Since most, if not all sterility patients may 
theoretically be pregnant during the last half of the menstrual cjxle, it is possible 
that a biopsy performed after the 19th to the 22nd day may mechanically interrupt a 
pregnancy which, as yet, necessarily, gives no evidence of its presence. 

The second case in group “f,” the abortion following an exploratory celiotomj% is 
of interest. The patient had been widowed for three years (a factor of probable im- 
portance in this case). Since the last menstrual period was not known, or admitted by 
the patient, and because the periods were alleged to have been regular but scanty, the 
enlarged uterus was thought, clinically, to have been a fibroid uterus. The patient was 
flowing at the time of the exploratory celiotomy, which revealed a normal pregnant uterus 
of approximately 3^2 to 4 months gestational age. A week following the operation the 
patient miscarried a normal but macerated fetus of 16 weeks gestational age. The 
cord was about the neck twice, although this was probably not of etiological significance 
in the death of the fetus since a dead fetus may move about passivelj' in the uterus due 
to uterine contractions and general activity on the part of the patient. Whether the 
operation caused the abortion cannot be proven. There are no data by which this factor 
can be judged since the menstrual age of the pregnancy could not be accurately ascer- 
tained. In view of an atypical story by a widow of three years standing, who was 
bleeding at the time of operation, it is justifiable to wonder, at least, if this is not a 
traumatic abortion of the self-induced or criminal tj'pe rather than due to the operation. 

The final case in group “f” is also of medicolegal significance in that the sterility 
patient had a lipiodol injection into the uterus and tubes seven weeks prior to the 
last menstrual period before she became pregnant. She aborted a normal but macerated 
eight weeks fetus and chorion at ten weeks and five days after the last menstrual period. 
It is difficult to see what relationship, if aity, the lipiodol' uterotubogram had on the sub- 
sequent abortion unless one postulates that the oily substance, which is known to persist 
for some time in the tubes, affected the fertilized ovum on its passage through the latter. 
However, the fertilized ovum was of such A'itality that it developed to the stage of a 
normal eight weeks pregnancy at which time the embryo died. It seems unreasonable to 
assume that the -theoretically unfavorable environment created by the lipiodol persisting 
for seven weeks in the tubes, could have had a delayed effect on the ovum. It is well 
recognized among teratologists that the developing ovum is affected relatively soon 
after its exposure to unfavorable environments. However, one cannot absolutely rule 
out the delayed effect of lipiodol and so the case is included in this general group. 
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abortion; none of the ova contained any embryo (except a nodular one in 
one case) and, hence, all were destined to abort. 

The fifth case, involving a pathologic ovum, is deseiwing of special 
comment because the patient experienced a back strain, a fall and a death 
within the family prior to her passage of a typical blighted or pathologic ovum. 
The latter consisted of the most pathologic variety encountered — the empt}’’ 
chorionic shell without vestige of amnion or embryo. Embryologically, this 
ovum had been abnormal prior to the ninth or tenth day of its development, 
at which time the amnion begins to form. It is obvious that none of these 
various forms of trauma, including the psychic shock of the death in the 
patient’s family, had anything to do with the subsequent abortion. 

The four remaining cases in which the abortuses showed placental defects 
can be discussed as a group. The traumata associated with these cases are 
as follows: a long automobile ride just before abortion, psychic shock or 
trauma suffered as the result of being near an automobile accident two days 
prior to abortion, involvement in an automobile accident six weeks prior to 
abortion and a severe fall at home two days prior to abortion. All preg- 
nancies progressed normally until the 19th to 20th weeks. All patients passed 
normal fetuses, two of which were macerated, one was normal and one was 
not submitted although it was said to be normal. The placentae all showed 
varying degrees of circumvallate formation; a developmental defect of the 
placenta, probably associated with too shallow implantation of the ovum 
in the endometrium. This defect of implantation, with its resulting poor 
maternal blood supply, allows only a relatively small area of the chorion, or 
external shell of the ovum to form a placenta. In order for this small patch 
of placental tissue thus formed to supply the fetus with sufficient food and 
oxygen, the lateral margin of the placenta grows radially and in so doing 
causes premature separation of the placenta itself. 

Inasmuch as implantation of the fertilized ovum occurs on the nineteenth 
to the twenty-second day of the menstrual cycle,**’ or about a week prior to 
the patient’s knowledge of her pregnancy, it is obvious that trauma occurring 
after pregnancy has been established cannot be responsible for abnormalities 
of the placenta due to faulty implantation of the ovum. 

DISCUSSION 

From the foregoing data it is clear that antecedent external trauma or 
psychic shock may appear in the history of a case of abortion. That trauma 
is only rarely etiologically related to the abortion is also evident -from an 
analysis of the 13 cases in which antecedent trauma is recorded; onlj'^ one 
of these abortions was caused by external trauma. When trauma is an 
etiologic factor in an abortion it must immediately precede, by a matter of 
hours, the onset of the sequence of events that results in an expulsion of 
a normal ovum. 

It is obvious, furthermore, that in the case of a bona fide traumatic abortion, 
the ovum must be shown to be developing normally up to the time at which 
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sequence of events resulting in the abortion of a normal twin ovum. Careful 
pathologic and embryologic examination of ii abortuses from patients who 
gave a histoiy of antecedent trauma showed adequate natural causes for the 
abortions — the trauma in such cases being purel}' coincidental. The remaining 
y88 abortions showed no etiologic relationship to external trauma although 21 
of them were criminally induced, and one normal ovum aborted as the result 
of two endometrial biopsies done on a sterility patient prior to her first 
missed period. 

CONCLUSIONS 

1. A series of 1000 abortions are reported and their etiolog}- determined 
by clinical history, embryologic and pathologic examination. 

2. One case of a normal twin pregnancy aborted at 12 weeks and three 
days as the result of external trauma and/or the resulting psychic shock re- 
sulting from an automobile accident. 

3. Eleven cases of abortion preceded by various external traumata are 
analyzed and shown to be due to natural causes. 

4. The remaining 988 abortions (including 22 induced by internal uterine 
trauma) were due to a variety of naturally occurring ovular and maternal 
factors. 

5. The collective experience of a representative group of Boston obstetrical 
specialists is reported with respect to abortions occurring as the result of 
external trauma and/or psychic shock. 

6. A bona fide traumatic abortion is one in which the abortus was ana- 
tomically normal in development up to the time at which the external trauma 
and/or psychic shock occurred. If this jiredicate cannot be proven, we must 
regard the evidence of traumatic causation as conjectural and speculative, 
and suspect that the abortion was a spontaneous one due to pathologic causes. 

7. Minutes to hours is the time interval between the occurrence of the 
external trauma and/or psychic shock which initiates the sequence of events 
resulting in the expulsion of a normal ovum. 
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insurance. There are about 800,000 diabetics now living in the United 
States and in a peculiar sense each one is bis “brother’s keeper.” 

CONCEPTS CONCERNING TRAUMA AND DIABETES 

1. The thesis that trauma de novo can cause diabetes has steadily lost 
support with the expanding knowledge of the nature of the disease. 

2. But evidence has accumulated to show that trauma indirectly can 
activate, or accelerate the appearance of a latent diabetes in the hereditarily 
predisposed, particularly if accompanied by infection, reduced muscular exer- 
cise, gain in weight or overeating. 

3. Trauma in the course of diabetes has grown in importance, because 
the duration of the disease has trebled, thus lengthening the period of ex- 
posure. Moreover, the danger of exposure to trauma is intensified each 
successive year a diabetic lives, because time is provided for the disabling 
complications of the disease to appear and the physical infirmities of the 
normally aging process to advance. 

The tissues of a diabetic are more vulnerable than those of a non- 
diabetic. 

4. Trauma may make the diabetes more severe, but this effect is not 
necessarily permanent. 

5. Emotional, nervous, so-called neurogenic diabetes, as von Noorden 
well said, was put “into the grave” by the Great War, and there it is likely 
to remain unless exhumed during the present conflict, 

6. To prove that trauma is the cause of diabetes in any individual case 
evidence must be at hand to show (a) that the disease did not exist before 
the trauma; (b) that the trauma was severe, injuring the pancreas; (c) that 
the symptoms and signs of the disease developed within a reasonable period 
following the trauma, the etiologic importance of the trauma waning with 
the prolongation of the interval; and (d) that the symptoms and signs of 
diabetes were not transitory but permanent. 

7. This question of trauma as the cause of diabetes should be kept abso- 
lutely distinct from the question of compensation of an individual who is 
found to have diabetes following an accident. Too often, especially in 
foreign publications (Lommel, Troell) tire two ai'e confused, and for social 
and governmental insurance reasons tbe court sitting in judgment on a case 
may vote to give the insured the benefit of a doubt which has no factual basis. 
Many European countries are saturated with social accident insurance, and 
if a citizen is not actually in the employ of the government, at least he 
expects a liberal interpretation of social or insurance benefits. 

THE DISEASE DIABETES 

I. Diagnosis . — The diagnosis of diabetes depends upon the demonstra- 
tion not only of glucose in the urine (glycosuria), but also of a per cent 
of glucose in the blood (glycemia) of 130 mg., or above, when the subject 
has been without food for five or more hours or of 170 mg. (hyperglycemia), 
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diabetes at the time of an accident? The National Health Surve}^ computed 
the number of diabetics in this country, in 1938, as at least 660,000, but in 
my opinion for this year, 1943, it is nearer 800,000. Diabetes occurs at any 
age, but with increasing proportion as one grows older. The frequency is 
I in 2500 up to 15 years of age in either sex, and reaches i in 70 for males 
and I in 45 for females at 65 years and above. Among Jews from early 
middle life on the incidence is higher, perhaps twice as great, being highest 
of all among Jewish women between the ages of 55 and 64, the proportion of 
deaths from diabetes to total deaths among Jews in New York City, in 1933, 
being 11.5 per cent. The draft has stimulated the finding of new cases not 
alone in the young but at all ages. In 1900 diabetes was 27th as a cause 
of death; in 1938, it was ninth, but in 1941 it advanced to eighth place. 
Diabetics are living longer and longer. Tabulations made by the Statistical 
Department of the Metropolitan Life Isurance Company, based on my own 
fatal cases, show that the duration of life of the average diabetic advanced 
from 4.9 years between 1898-1914 to 14.3 years between 1940-1942. The 
expectancy of life for a diabetic, also computed for my series, is about two- 
thirds that of the population as a whole for comparable age-groups. 

A positive heredity also increases the chances of the individual having 
diabetes. Pincus and White conclude from their studies that at least 25 
per cent of the population carry the hereditary gene for diabetes and are, 
therefore, predisposed to the disease. Heredity is greatest in identical twins, 
reaching 70 per cent; in cases with onset in childhood and living 20 or 
more years it is 62 per cent, and for 1800 diabetics on my service at the 
George F. Baker Clinic at the New England Deaconess Hospital in 1941 
was 40 per cent. 

A diabetic heredity makes an individual susceptible to the disease, but of 
all factors predisposing to its development by far the most potent is obesity. 
It precedes the onset of diabetes in more than three-fourtlis of the cases, and 
from 40 years onward reaches a still higher per cent. Among 2000 of niy 
own cases of diabetes, not one occurred who was more than 30 per cent 
underweight, and in Adams’ series of 1000 cases at the Maj'^o Clinic, no 
patient developed the disease who was more than 20 per cent underweight. 

The type of onset of diabetes is of great significance no matter whether 
it is indefinite in 85 per cent of the cases, or sudden, within the space of 
24 hours, in a trifle over one per cent, as already mentioned. Whereas the 
slow, unobtrusive onset presents many a puzzling problem before an approxi- 
mately correct date can be fixed, the cases of sudden onset offer the best 
evidence for a post hoc propter hoc argument. Eight thousand (one per 
cent of 800,000) or more cases with a sudden start of their disease are now 
available in the United States. What opportunities they afford for traumatic, 
diabetic exploitation! This special group represents the elite corps from 
which recruits for the traumatic etiology of diabetes should be most easily 
obtained, but that I have recognized none with a traumatic basis among the 
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(lialietes and that diabetes was perhaps influenced both by functional as 
well as organic insults to the brain. Such suppositions, however, were soon 
dispelled when investigation disclosed that the diabetogenic action of the 
anterior pituitary extract lay in its power to destroy the cells of the pancreas 
which produce the insulin and thus caused the disease. Thereby the unity 
of diabetes and its localization in the pancreas was again demonstrated. 
(Very recently the influence of the suprarenal gland upon carbohydrate me- 
tabolism has received fresh emphasis.) An injection of the extract of its 
cortex will accentuate diabetes and, conversely, removal of the cortex will 
lessen its severity. In rats, Ingle has produced a diabetic state by in- 
jection of massive doses of cortical extract, but this does not persist when 
the injections are interrupted. Evidence regarding changes in the pancreas is 
as yet not available. I know of no instance in a human being in which 
disease or injury of the adrenal gland has brought on diabetes. 

Today, to prove that trauma causes diabetes one must show that the 
pancreas is gravely injured, in fact, at least four-fifths destro3^ed, probably 
nine-tenths, or that the trauma has so acted upon the anterior pituitary 
gland as to cause it to discharge an excess of extract which, in turn, can 
destroy the insulin-producing cells of the pancreas. These are the two 
methods, but examples of the same are almost unknown in humans. For 
the pancreas, to my knowledge, there exist only the cases of Wells, Stern, 
and the two of Grafe, which have gained general recognition as proving 
injury to the pancreas led to diabetes, and not one of these cases is above 
criticism. As for trauma to the pituitary leading eventually to diabetes, 
the evidence is still less convincing, and Rathery’s recent description of an 
acromegalic with a complicated head injury, is only remotely conceivable as an 
example of stimulation of pituitary remnants to excessive secretion. As a 
matter of fact, he did not attribute the diabetes in this acromegalic, following 
removal of an eosinophilic adenoma of the pituitary, to the pituitary itself, 
but rather to the injury of the neighboring hypothalamic region. 

Grafe’s case of trauma causing diabetes, in my opinion, is the most strik- 
ing of any in the literature. A condensed report of it is herewith appended : 

Grafe’s Case. — A merchant, age 75, supposed!}' free from diabetes, cii route to a 
bath cure on account of gallstones, while driving at 50 miles an hour, put on his 
brakes sharply to avoid a motorcycle and hit a tree. His chest and abdomen were 
pressed against the steering wheel. No pain followed the accident and he resumed 
driving, but within three hours developed a gallstone attack. Nevertheless, he continued 
his journey the next day with a hired chauffeur but, the attack persisting, transferred 
to a train. Upon arrival at the Spa two days after the accident, he was somnolent, 
had an acetone breath, showed blood in vomitus and stools and had marked thirst. 
The glycosuria was 4.7 per cent, blood sugar over 500 mg. Upon entrance to Grafe’s 
Clinic that same day the breath had an acetone odor, glycosuria 4.5 per cent, marked 
reactions for acetone and diacetic acid, blood sugar 556 mg., no vomiting. There was 
pallor, pulse good, hemoglobin. S5 per cent, abdomen perfectly soft, and although no 
pain on pressure, cautious palpation revealed indistinctly a sausage-shaped tumor. Gly- 
cosuria and acidosis were controlled during the night with 160 units of insulin but 
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the cause, but as yet that explanation has not been generally accepted. 
Conceivably, exposure to poisoning by copper or to anything which would 
bring about hemochromatosis might be adduced as trauma and thereby an 
indirect cause of diabetes. 

Cancer involves the pancreas and exceptionally is accompanied by dia- 
betes. It is not always easy to say which disease begins first, but there are 
a few instances in which the author reporting the case considered that the 
onset of cancer was first and diabetes followed. But if there is evidence 
that trauma can cause cancer of the pancreas, I do not know of it. 

Infections: It is true that diabetes is occasionally discovered at the time 
of an infection, but infections are so frequent and the detection of diabetes 
so rare during them that statistical evidence pointing to cause and effect is 
slight. Priscilla White found in our diabetic children that the incidence 
of infections in the preceding history was distinctly less than the incidence 
of infections in children generally. Lande, writing from Umber’s clinic, 
came to the same conclusion. 

An infection makes an existing diabetes more severe is a statement com- 
monly accepted, but there is, likewise, agreement that following the sub- 
sidence of the infection the type of the disease returns to its former level. 
Prolonged infection, whether due to the pyrogenic group of bacteria or to 
the tubercle bacillus, finally ceases to aggravate the diabetes, as my colleague. 
H. F. Root, has shown. The fundamental principle that an infection makes 
the diabetes worse is so generally accepted that it need not be further 
elaborated here. 

Injuries to the Nenmus System : Both psychical trauma and organic trauma 
to the nervous system have often been adduced as a cause of diabetes, but 
both were dissipated by the World War. Labbe, in France, did not consider 
trauma an etiologic factor in a single one of 600 diabetic soldiers. I was 
medical consultant at Mesves hospital centre, through which passed 38,765 
soldiers, and there were but three cases of diabetes, two of whom I saw, and 
there was not the slightest indication that they were related to psychic or 
organic trauma. “Yet the World War presented an ideal opportunity for the 
physical and psychic traumatic origin of diabetes both in the combatants and 
noncombatants and that the disease did not materialize is most significant. The 
fear of an operation or of the pain incident to child-bearing and the extrac- 
tion of teeth do not bring on diabetes, neither do we know, nor have we 
read in the literature, of a surgeon who postponed an operation for fear 
that the trauma incident to it would cause diabetes.” 

I know of no instance in which diabetes has been caused by accidents in 
the course of college athletics, particularly football. Dr. Arlie Bock, Depart- 
ment of Hygiene of Harvard University, wrote me in 1940: “As far as I can 
determine, no case of diabetes following trauma has occurred among athletes 
at Harvard. We have had many types of injury, but no known injury of 
the pancreas, and whether such trauma might result in diabetes I do not 
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know. Yon know there has been close medical supervision of athletes at 
Harvard for at least 25 years. ’ A medical observer of pugilistic contests 
for 25 years assured me that he had never come across a single person 
who ever had any symptoms or any knowledge that he had diabetes or 
had been suffering from diabetes. 

Dr. Harvey Cushing reported no instance of diabetes following the de- 
velopment of a tumor in the brain, save those in which diabetes occurred 
in connection with acromegaly and basophilism, and two patients (out of 
over 200) with chromophobe adenoma. “What is very significant,” accord- 
ing to Dr. Louise Eisenhardt, “is that in Dr. Cushing’s own long experience 
in operating for tumors of the hj-pophysis or third ventricle he found that 
such operations did not result in even a transient glycosuria.” Dr. Gilbert 
Horrax, now in charge of the Neurosurgical Department of the Lahey Clinic, 
formerly Dr. Cushing’s associate, confirms what Dr. Eisenhardt has written. 
Dr. Donald Munro of the Boston City Hospital writes; “I can cite the fact 
that, in over 3000 craniocerebral injuries, I know of no case in which 
the trauma had produced either diabetes mellitus or glycosuria by the time 
the patients had left the hospital after treatment for their injuries.” In 
Germany, Jacobi quotes Liniger as reporting 300 severe head injuries without 
the development of diabetes and cites Burger and Poppelreuter to the effect 
tliat among several thousand brain injuries no case of definitely traumatic 
diabetes was obsers^ed. 

Opinions Pro and Con- Trauma as a Direct Cause of Diabetes . — Viggo 
Thomsen, in his monograph of 416 pages, concludes: “Theoretically, it must 
be admitted that diabetes can appear as a direct sequel to a pancreas trauma 
which gives rise to extensive destruction of the pancreas. Other physical 
traumata are unable to cause diabetes. A physical trauma may give rise to 
an exacerbation of existing diabetes, but the exacerbation manifesting itself 
immediately after the trauma is temporary only. Thus the assertion frequently 
set forth that a physical trauma is able to exacerbate a latent diabetes so that 
the disease, owing to the trauma, becomes manifest cannot be maintained.” 

He reaches the above conclusions after an historical, clinical and experi- 
mental review of the subject. His conclusions are based, first, upon a study 
of 144 surgical accident cases admitted to the Aarhus District Hospital, 
in Denmark, to 100 of whom he gave a glucose tolerance test within three 
days after the accident. Of the 50 showing disturbances of carbohydrate 
metabolism, and discharged, he followed the course of 47 for periods of 6 
to 38 months. Second, he investigated the effect of the accident on 100 
injured diabetics. Third, he compared the antecedent history of trauma in 
457 diabetics and a similar number of nondiabetics. “The results of this 
examination indicate that there is scarcely any difference in the frequenc}'’ 
of occurrence of diabetes in injured and nonin jured persons of the same 
age and standard of life.” Finally, fourth, he summarizes the details of 81 
cases of reported alleged diabetes in the literature. 
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Lommel, however, is a recent writer who takes up the other side of the 
question and presents it forcibly, citing the authors who support his view. 
He argues against rigid dogmatism in so complicated a condition as the 
causation of diabetes. His theme is that it is not right to assert that because 
a given explanation ought not to he correct is a reason that it cannot be 
the explanation. He assumes the cause of diabetes to be unknown and that 
it probably comes from an interrelation of many circumstances. He points 
out the paucity of changes in the pancreas in diabetic children, but he over- 
looks here, to my mind, the transitor)' nature of hydropic degeneration when 
diabetes first appears and the slow development of hyaline changes in the 
islands in the young. As for heredity, he considers this disposition to dia- 
betes well-nigh universal. He does not believe in a sharp distinction be- 
tween glycosuria and diabetes and thus is in definite antagonism to men, 
such as von Noorden, with large clinical experience. To some extent he 
concedes psychic trauma can lead to diabetes, but to this conclusion I 
suspect he is evidently somewhat influenced by Strieck’s experiment on 
injury to the hypothalamic area, which has not yet been confirmed. On the 
other hand he demands (i) that the subject must be proved to be not 
obviously sick before the accident; (2) that the trauma must be severe, 
either acting externally with force or exerting a sudden, powerful, psychic 
provocation; (3) that the glycosuria shall be lasting; and (4) appear in 
not too remote a period from the accident. 

Lommel, in writing his article, has evidently not been in touch with 
recent experimental work outside of German}'-, which has so greatly clarified 
the problem of the causation of diabetes, and indeed his ideas are also con- 
trary to the prevailing view in Germany itself when he wrote. 

Tro 01 , in Stockholm, in a carefully prepared article, reports ten cases 
in which glycosuria or diabetes was present with trauma, and even passed 
upon by the board of reparations. In only two of these was the trauma 
considered as a cause of the diabetes. The evidence by no means was as 
strong as in Grafe’s case and, in one, followed an injury to the elbow, and 
the post hoc propter hoc argument was raised because the urine was said 
to be sugar-free the day before the accident. In two instances temporary 
glycosuria followed a pistol shot wound of the chest or a fracture of the 
internal malleolus, in a fifth, the later entrance of cancer into the situation 
led to compensation, in two, trauma delayed, and in two, did not delay heal- 
ing, and in fact the diabetes was directly responsible per se. The tenth, 
was a case of long duration in which the injury was insignificant and pneu- 
monia decisive. These cases are carefully reported and the circumstances 
of each are clearly discussed. TroBl, like Lommel, is unwilling to concede 
that trauma to the pancreas alone can cause diabetes. He believes, as 
Naunyn emphasized, peripheral injury elsewhere via paths of the sympathetic 
nerv'ous system could be a factor in bringing on the diabetes disagreeing 
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absolutely with Thomsen. His views seem to me to be biased by Swedish 
social accident insurance.* 

THE ACTIVATION OF LATENT DIABETES BY TRAUMA 
The presence of (i) heredity makes an individual susceptible to diabetes, 
and when to this we add (2) an age in which the incidence of diabetes is 
(3) obesity,. (4) reduced exercise, and (5) an infection, the stage is 
set for a latent diabetes to become manifest. Such a situation is not unusual, 
and one of the commonest examples is the individual who develops a car- 
buncle following an almost infinitesimal trauma. With the fulminating car- 
buncle, the diabetes previously unrecognized, although very likely existent, 
according to Naunyn, may become criticall}'^ severe, requiring 100 or more 
units of insulin, and yet when recovery ensues insulin can be omitted and 
the diabetes again becomes so submerged that the patient can tolerate more 
than 200 grams of carbohydrate and, to the unwary, appear cured. But 
the diabetes is still there, latent, ready to come to the surface again on any 
provocation. One must extend the importance of trauma far beyond the 
case of the man with a carbuncle. Any injury to an hereditarily predisposed 
individual, provided in its train come j^revention of customary exercise, 
exposure to overeating, and particularly if an infection is involved, one must 
agree, makes a latent diabetes liable to become active. It is by no means 
necessary that all these factors be present. Proper treatment can control 
such a diabetes, which is usually mild and may make it appear nonexistent, 
but the disease once established is really not cured. Space does not allow 
the presentation of cases, but such have been already published by me. It 
is the indirect effect of the accident rather than the direct trauma which 
causes the trouble. 


TRAUMA IN THE COURSE OF DIABETES 
Trauma is very common in the career of a diabetic. We have 1800 or 
more diabetics at the New England Deaconess Hospital annually, in ward 

* In this connection, a patient is recalled who had been himself an insurance 
salesman. He maintained in court action, directed against an insurance company, that 
he had sustained an accidental injury to one toe by stubbing it against a chair on a 
public excursion boat in Boston Harbor. This injury he claimed had led to infection, 
and the injury had resulted in diabetes followed by angina pectoris. It happened that 
he had a peculiar insurance policy which provided for triple indemnity in the event of 
injury occurring accidentally on a public carrier. If it could have been maintained 
successfully that this accident had caused not only the injury to the toe, but via the 
sympathetic nervous system, also the diabetes and angina pectoris, under the terms of his 
contract the total indemnity would have been about $80,000. Actually, in this case the 
records showed that his diabetes had existed prior to the accident. If such an inter- 
pretation as the claimant urged had been accepted by the courts and a precedent thus 
established, it is easy to see that insurance premium rates would eventually be great!}'’ 
increased either generally or specifically in patients where diabetes could be established 
from hereditary family history. Therefore, actually, the acceptance of such a point of 
view while probably immediately profitable to the one person involved would have social 
consequences for a large number of people, which would be most costly. 

617 


ELLIOTT P. JOSLIN 


Annals of Surgery 
April, 1943 


beds and private rooms. At various times, surv'-eys have shown that 45 to 
50 per cent of all our diabetic patients, under treatment at any one time 
in the hospital, came on account of an accident, but this statement is 
somewhat misleading. Such cases require a longer hospital stay and, there- 
fore, appear proportionately more numerous than they actually are. It would 
be a fairer statement that one-quarter to one-third of all the patients in the 
Clinic in the course of a year represented the incidence of trauma. Accidents 
taking place in the hospital were found to occur relatively six times more 
frequently among the diabetics as among the nondiabetics. In statistics 
gathered from New York hospitals the incidence of operations upon the 
lower extremities in diabetic women was 150 times that in nondiabetic women. 
The diabetic is more susceptible to trauma than the nondiabetic, because 
his tissues are more vulnerable. 

Purposely, in this discussion I will say little about those controversial 
features such as tissues of diabetics and the corresponding deficiency in 
glycogen. Such alterations cannot help affecting the soil, but it is difficult 
to measure the effect. In one instance we have the normal state and in 
the other an abnormal status, and that cannot be as advantageous. Then 
there are the abnormalities due to the products of acidosis; to excess of 
cholesterol; to an imbalance in the mineral constituents — all, very likely, are 
important in affecting the resistance of the part but not necessary to prove 
the diabetic more vulnerable to trauma, because there are so many other 
features in the diabetic which plainly influence the issue of the trauma for 
better or worse. 

The degree of vulnerability varies with the age of the individual and his 
circulation, the nerve supply of the part, the severity of the diabetes, the 
duration of the disease, and its degree of control, not alone at the instant 
of the trauma, but from the day of onset of the diabetes. 

Diabetics at present, based on mortality tables, are living about 14 years 
and approximately one-half die of arteriosclerosis in one or another of its 
various manifestations. Add to the developing arteriosclerosis in a diabetic 
the hardening of the arteries which comes to everyone as age advances, and 
his susceptibility to trauma increases. Arteriosclerosis implies deficient cir- 
culation, and circulation is all important in the healing of wounds. Step 
on the toes of a child or young adult and he forgets it in a few minutes, 
but the same blow on the foot of an old man may cause him to be confined 
to his bed for weeks, and, if a diabetic with poor circulation, he can lose 
his toe, his foot, his leg or even his life. The blow in one instance is on 
tissue with good circulation, in the other with poor circulation. On one 
side of the highway between Phoenix and Tucson the crops are flourishing, 
but on the other the land is barren and the irrigation canals, the circulation 
in the soil, show the reason why. 

The normally functioning nerve supply of a tissue not only affects sus- 
ceptibility to trauma, but the ability to heal the injured part. This is easily 

618 



Volume 117 
JCumbcr 4 


TRAUMA AND DIABETES 


overlooked. The wires are there, but they do not always transmit the 
messages or only a part of them. The diabetic may lose the sense of dis- 
tinguishing between heat and cold and as with two of my patients the foot 
gets frost-bitten on Cape Cod or burned in Canada. His sense of pain 
is impaired and four of my patients have walked around at work all day 
and on removing their shoes at night found a tack which had evidently pene- 
trated the sole of their foot hours before. My colleague, Howard F. Root, 
has collected 1 5 of our cases in which the ankle bones were actually destroyed 
and without the patients experiencing pain — a condition known as a neuro- 
pathic joint, akin to the Charcot joint of syphilis. I have seen a surgeon 
repeatedly open with strong scissors, in the ward before a group of visitors, 
nonnecrotic areas in diabetic feet for drainage or other reasons, making cuts 
one or two inches long ivithout any anesthetic or any sign of discomfort 
on the face of the patient. It is seldom we do not have a patient with anesthetic 
feet in the hospital, and so vicarious is the absence of sensation that one foot 
may be anesthetic and the other not. I suspect that some of our patients 
who have gangrene originating from trivial exposures may have their lesions 
dependent upon lack of trophic nerve activity. Then there is the liability to 
accident because of loss of power due to the nonfunctioning of the motor 
fibers of the nerve. Common examples are toe-drop (peroneal paralysis), 
inability to rise from a chair (quadriceps paralysis) and double vision (ex- 
ternal rectus), and, in rare instances, almost complete paralysis of the 
muscles of the entire body. Is it any wonder such people have accidents? 
The neuritis may affect the nerves of the intestines, resulting in an almost 
intractable diarrhea or those of the urinary bladder with distension and 
paralysis of that organ. In Walla Walla, Washington, just at the edge of 
the city, there are fields of luxuriantly growing onions and I was told the 
land w'as worth $1000 an acre, but across the way the property looked the 
same to me, but was uncultivated simply because a mineral was lacking in 
the soil. Some diabetics are lacking in an efficient nerve supply. 

The severity of the diabetes affects the vulnerability of the diabetic. His 
disease may be so mild that it is almost impossible to distinguish between 
health and diabetes, and this status may last for 10-20 years if moderate 
discretion in living is observed. Contrast this type with that of the severe 
diabetic who with exposure to extra exertion, directly incident to trauma, 
can go into coma. The liver of a mild diabetic is good enough to allow 
him to take ether, but give it to a severe diabetic, uncontrolled for the time 
being, and he dies of acidosis, just as Case No. 729 did, who took ether 
for a dental extraction on Tuesday and died on the following Friday of dia- 
betic coma in preinsulin days. The severe diabetic is the one who has the 
complications affecting the circulatory and nervous systems, complications 
of the eyes, with all that goes with impairment or loss of sight, and even com- 
plications of the bones in part due to their decalcification. This is manifest 
even in young patients. A review by Eisele of our 73 children, onset 
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under 15 years of age, who have survived 20 or more years of diabetes, 
illustrates the seriousness and frequency of complications in the diabetic 
which make him a prey to accidents. Thirty per cent of those examined 
roentgenologically showed peripheral arteriosclerosis, 55 per cent moderate 
to advanced arteriosclerosis, and 70 per cent of the patients showing these 
changes had either a high blood pressure or albuminuria, or both, at an average 
age of 29 years. 

An infection makes a diabetes worse. To that all agree. The instant 
an infection enters the picture of trauma a whole train of disastrous con- 
sequences is set loose. The infection not only makes the diabetes more severe, 
but it usually prevents exercise, a most desirable adjunct to diet and insulin 
in the triology of treatment, confines the patient to bed, with the possibility 
of contracting pneumonia, bed sores, and, with the old, to disarrangement 
of life-long habits of regulating the action of the bowels and urinary tract, 
which in the end may prove to be far more serious than the accident itself. 

The duration of the disease counts. How can it help it? Before the 
discovery of insulin, up to 1914, my patients lived 4.9 years, and 1.8 per 
cent survived 20 years. Today, fortunately, the average duration has length- 
ened to 14.3 years, and 19.1 per cent survive 20 years, and eight per cent 
over 25 years. They cease to live because they are more vulnerable. Their 
life expectancy was two-thirds, and I hope in the next series studied Avill be 
three-fourths that of their nondiabetic confreres. Although not always meas- 
urable, yet with each added year of a diabetic’s life there is some impairment 
in bodily function. 

Finally, the degree of control of the disease counts too. Insulin has proved 
that for the average diabetic. Even before insulin was discovered adherence 
to the diet and good hygiene enabled many a moderately severe diabetic in 
the older age-groups to live. Between 1922 and 1929 gangrene caused 8.5 
per cent of our 1448 deaths, but between 1937 and 1940 only 4.7 per cent of 
929 deaths. The duration of the disease was 8.1 years in the former period 
but was 12.5 years in the latter, the average age at death being, respectively, 
about 63 and 67 years. Thus, better control of the disease despite its longer 
duration and the older age of the patients reduced the mortality from gangrene 
which in about half our cases was provoked by trauma. The same degree 
of trauma can play havoc with a poorly controlled diabetic which would be 
tolerated with comparatively little trouble by a diabetic living up to the rules. 
Most of the difficulties of the diabetic are of his own choosing. 

TRAUMA IN CONNECTION WITH THE USE OF INSULIN 

Within a very few months after the use of insulin in human beings in- 
stances of infection at the site of injection of insulin ceased to occur. Among 
1838 admissions to the George F. Baker Clinic during 1941 there were but 
8 who entered for abscesses due to the injection of insulin. When one 
considers that only this small number of incidents occurred among many 
million injections in patients both inside and outside the hospital, it is evi- 
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RELATION OF TRAUMA TO SYPHILIS OF THE NERVOUS SYSTEM 
H. Houston Merritt, M.D., and H. C. Solomon, M.D. 

Boston, Mass. 

FRO^r THE DEPART.MF.NT OF DISEASES OF THE NERVOUS SYSTEM, HARVARD MEDICAL SCHOOL; THE NEUROLOGICAL 
UNIT, BOSTON CITY HOSPITAL; AND THE BOSTON PSYCHOPATHIC HOSPITAL, BOSTON, MASS. 

In the light of our present knowledge of the patholog}^ it may seem a 
little strange to discuss the role of trauma in the causation of syphilis of 
the nervmus system. In the days before the discovery of the Wassermann 
reaction and the demonstration of spirochaetes in the brain and spinal cord 
of patients who had died of neurosyphilis, such a discussion would seem 
less out of place. Now that it has been proven that the signs and symptoms 
of neurosyphilis are due to the reaction of the body to the invading organism, 
the spirochaete, it would seem just as logical to discuss the role of trauma 
in the causation of scarlet fever or typhoid fever except for the fact 
that in most cases of neurosyphilis the onset of the signs and symptoms of 
involvement of the nen^ous S3'stem by the spirochaetes, may not appear for 
several or many 3'ears after the initial infection. During this interim the 
individual ma3’’ be subjected to various influences, including trauma, which 
ma3’’ be considered in certain instances to pla3’' a factor in the onset or 
progress of the symptoms. It is the purpose of this article to consider 
to what extent trauma can be considered of importance in the production 
or exaggeration of symptoms in the various t3'pes of neurosyphilis. It 
must be emphasized that in no case can trauma be considered as the sole 
or main cause of the signs or symptoms of syphilis of the nervous system. 
Our consideration must be limited to the evaluation of trauma as a secondary 
factor; whether trauma ma3’' cause changes in the nervous tissues which 
may make them more vulnerable to invasion by the spirochaete, or produce 
changes which will increase the number of symptoms or the progress of 
the disease in patients whose nervous s3^stem has already been invaded by 
these organisms. In addition to the severity of the injury, the time interval 
between the injury and the onset of symptoms is an important factor to 
be considered. 

For clinical purposes cases of syphilis of the nervous s3^stem may be 
subdivided into three groups: i Meningeal, 2. Vasquiar. 3. Parenchymatous. 

MENINGEAL NEUKOSTPHILIS 

In meningeal neurosyphilis the inflammatory process is confined to the 
coverings of the brain and the symptoms are due to irritation of these 
coverings and disturbance of function of the nerves which traverse them on 
the way to their exit from the skull or spinal canal. Thus, there are such 
symptoms as headache, nausea and vomiting together with disturbance of 
the function of one or more of the cranial nerves (paral3’’sis of one-half 
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of the face, unilateral deafness, or paralysis of one or more of the muscles 
moving the eyeballs). Involvement of the meninges by syphilis usually occurs 
early in the course of the disease and it is common for the symptoms 
to have an acute onset within a few months of the appearance of the primary 
lesion. Occasionally the onset of s)'mptoms may be delayed for many years 
after the infection. Since the symptoms may have a rather dramatic onset 
in this type -of neurosyphilis, it is not strange that in an occasional patient 
such symptoms may appear to have a temporal relationship to some injury 
of a severe or trivial nature. It may be quite difficult in such cases to prove 
whether the injury has any relationship to the onset of the symptoms of 
meningitis. Several cases are reported in the literature in which the symp- 
toms had their onset after a head injury. In a study of 8o cases of acute 
syphilitic meningitis which was made in 1935, we were unable to find any 
such coincidence. Since this report, however, we have seen two cases in 
which the onset of symptoms followed a head injury. 

The first patient, a white male, age 27, was admitted to the hospital with complaint 
of severe right-sided headache and vomiting without nausea of five days’ duration. 
Two days prior to the onset of symptoms he had been in a fight and had received 
a kick in the head but had not been rendered unconscious. There was a histor}’- of a 
penile chancre and a secondary skin rash six months previously. The neurologic 
examination was normal except for stiffness of the neck. The cerebrospinal fluid 
contained an excess of white blood cells and the Wassermann reaction was positive. 
The patient recovered rapidly with antisyphilitic treatment. 

The second case was a white male, age 42, who was in an automobile accident 
in January, I937. He was unconscious for an unknown interval and suffered a 
fracture of the leg. He was hospitalized for ii weeks, during which time the cere- 
brospinal fluid was not examined. After discharge from the hospital he began to 
have severe headaches. These headaches continued and, in September, 1937, he began 
to have nausea and vomiting. He was readmitted to the hospital for study. The 
blood serologic tests were positive and the cerebrospinal fluid contained an excess 
of cells, and the Wassermann reaction was positive. The symptoms were rapidlj' re- 
lieved by antisyphilitic treatment. 

In analyzing these two cases it would seem unlikely that the minor 
degree of trauma suffered by the individual in the first case cited above 
could have much relationship to the meningeal symptoms, since the time 
interval between the injury and the onset of the full-blown clinical picture 
was too short for the injury to have had any significant influence on the 
pathologic process. The situation is somewhat different in the second 
case where the injury was more severe and the interval between injury 
and appearance was such that it makes more tenable the hypothesis that 
the traumatic injury to the brain and meninges made these structures more 
vulnerable to the syphilitic infection. 

In summary then, it may be stated that the incidence of syphilitic menin- 
gitis following head injury is an extremely rare occurrence. The burden 
of proof is, therefore, on the individual who tries to demonstrate such a 
relationship in any given case. Syphilitic meningitis is a relatively rare 
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complete paralysis of the fascial muscles on this side. Eighteen clays later the patient 
fell to the floor unconscious while working in the kitchen. On recovery of con- 
sciousness there was a complete paral3'sis of the left arm and leg. The blood pressure 
was normal. Serologic tests of the blood were positive and there was an increase in 
the number of white cells and protein content of the cerebrospinal fluid. 

In summary, it can be concluded that since trauma to the nervous system 
may damage normal vessels it is more likely to damage vessels already 
diseased by syphilis. The proof of causal relationship must rest upon an 
evaluation of the severity of the trauma and the interval between the trauma 
and onset of symptoms. Careful consideration must be given to the events 
connected with the presumed injury, since it may be possible that the onset 
of the vascular accident and resulting unconsciousness may be the cause of 
the so-called injury. For proof of causation it must be shown that: i. The 
injury was bona fide and severe enough to damage nervous tissue. 2. That 
the symptoms had their onset immediately or within a reasonable interval 
after the injury. 


PARENCHYMATOUS NEUROSYPHLLIS 

Involvement of the parenchyma of the brain usually takes the form of 
two well recognized syndromes: i. Paretic neurosyphilis. 2. Tabetic neuro- 
syphilis. 

(i) Paretic Neurosypliilis . — Paretic nerosyphilis (dementia paralytica) 
is characterized pathologically by a diffuse encephalitis which is most in- 
tense in the frontal lobes of the brain. The clinical picture may be quite 
varied but personality changes and mental deterioration are prominent early 
symptoms. Convulsive seizures or transient neurologic signs, such as hemi- 
plegia or aphasia, as well as any t}T)e of psychotic manifestation may be the 
initial sign of the disease. The interval between primary infection and 
development of symptoms is usually 10-20 years. The literature of 50 
years ago contains considerable discussion as to the role of trauma in the 
production of paretic neurosyphilis but very little significance is given to 
this factor in modern literature, probably because the understanding of 
the disease makes the hypothesis of injury unnecessary. Pearce Bailey, in his 
classical treatise on Diseases of the Nervous System Resulting from Acci- 
dent and Injury, in 1906, cites eight articles on the relationship of injury 
to paretic neurosyphilis. The authors cited by him gave the incidence of 
head injury in these patients as varying from 4.4 to 43 per cent. Bailey, 
himself, was skeptical of these reports and points out the difficulties in 
evaluating the role of trauma in the production of neurosyphilis, and states 
that in many cases the injury was a direct result of the disease itself (falls in 
convulsive or apoplectiform seizures or blows received in brawls precipitated 
by the psychotic behaviour of the individual), or the interval between the 
injury and the onset of symptoms was such that a causal relationship could 
not be considered tenable. The modern viewpoint, as expressed by such 
authors as S. A. K. Wilson and Kraepelin, tends to the view that if trauma 
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signs of nervous irritation and mental weakness. His nervous system and mentality 
were apparently normal before the injury. One and one-half months after the injury 
he was admitted to a hospital for the insane. While there he was found to be suf- 
fering from general paresis and that he had been suffering from syphilis many months 
prior to his fall. 

The commissioner who heard the case found in Paragraph 13 that: “The injury 
of November 8, 1923, lighted up the sj'philitic condition, and either caused or accelerated 
the onset of the paresis.” The ground of appeal of the defendant is that this finding 
is made without evidence. 

The Court, in its opinion, states as follows : “The evidence developed these further 
facts : The claimant had been, until the accident of November 8, in good health, 
physical as well as mental, and apparently witli none of the objective or subjective 
symptoms of the disease paresis. The fall injured claimant’s head slightly, as well 
as his back. When taken to the hospital on December 15, he was found to be 
suffering from acute paresis in an advanced stage caused by syphilis, it having existed 
for at least several months and causing him to become insane. Paresis is a chronic pro- 
gressive disease. No cause for the onset of this acute form of paresis with which 
the claimant suffered following the fall was suggested by the two medical experts for 
the defendants, and none appears in the evidence unless the fall occasioned the onset. 

“The experts for the defendants testified that tliis onset of paresis bore no relation 
to the fall, but they gave the commissioner no basis for this opinion other than that 
paresis was a germ disease and could not be caused by an injury either to the back or 
the head. The expert for the claimant testified that a latent disease such as paresis 
may be precipitated by an injury and that the injury which the claimant had suffered 
was sufficient to have precipitated this onset of paresis. This expert testified that he 
could not state positively that the injury precipitated this onset of paresis, but that 
it might have been accelerated by the fall or any shock to the nervous system; that 
if the claimant had not symptoms of paresis prior to the fall, and the symptoms of 
paresis developed immediately afterward — and that was true in this case — it was an 
exciting cause. This opinion he qualified by saying it might have been an exciting 
cause. In response to the commissioner’s question, ‘What are the probabilities or 
aren’t there any?’ he replied, ‘I think that the probabilities are that anybody suffering 
with a disease, any kind of a chronic disease, chronic kidney trouble, or chronic lung 
trouble, any sudden shock to the nervous system, or shock to the body, especially with 
some disease of the nervous system, a sudden shock to the body would be apt to 
precipitate the disease, make it break out quickly.’ The opinion of this expert, who 
testified as defendant’s two experts had testified, was not later attacked or questioned 
by either of them. 

“In this condition of the evidence, we cannot hold that the commissioner erred in 
finding that the injury precipitated the onset of the paresis. The commissioner might 
reasonably have found that the injury not only might have been, but that it probably 
was the occasion of this onset. The onset of a chronically progressive disease came 
upon the claimant, a man apparently well, physically and mentall}', without a symptom 
or warning of its presence. There was no other cause suggested in the evidence. It 
was not only a possible but a reasonably probable cause. If the commissioner concluded 
from his evidence that the injury was a reasonably probable cause of the onset, it was 
his duty to find as a fact, as he has found that it did cause or accelerate the onset of 
the paresis.” 

From these records there is medical evidence and judicial precedent to 
connect trauma to the head with the development or acceleration of the 
paretic process. From a pathologic viewpoint it is important that a suitable 
interval elapse between the injury and the development of symptoms. In 
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further stated that the effect of such a blow would be the same whether the victim 
were syphilitic or nonsyphilitic. A second expert testified for the defendant that: “It is 
possible but not probable that a dormant syphilitic condition can be excited into 
action by a blow on the head that does not result in unconsciousness or fracture of the 
skull.” He recognizes, however, that many authorities hold the opinion that such a 
result is probable, even though there be no fracture of the skull and no lacerations of 
the scalp, there may yet occur multiple hemorrhages in the deeper structures of the 
brain. It was this expert’s opinion, however, that, taking into consideration the lack 
of severity of the blow, the symptoms which occurred were due solely to syphilis and 
developed entirely independently of any blow. 

The expert testifying for the plaintiff held the opinion that a man, age 63, who 
had no active signs of tabes, would probably not develop such signs unless there was 
some exciting cause, such as a blow on tire head, and that this need not be of great 
severity to cause the symptoms. 

The decision rendered by the court was quite revealing. It was found that 
medical science could not determine with certainty the results which may come to 
any one from an injury to his head, and in such cases the decisions and opinions of 
physicians are not a matter of absolute certainty but are a matter of delicate clinical 
judgment based upon experience. It was decided that the symptoms, as described, 
could be explained adequately on the basis of syphilis alone, but the vital point in 
the given case is whether syphilis alone was responsible or whether the blow caused 
the development of the disease which otherwise would have given the patient no 
trouble. The final decision was that the blow was the immediate precipitating cause 
of the symptoms and the individual, therefore, was compensible. 

The relation of the trauma and syphilitic arthropathies, or Charcot joints, 
affords less opportunity for a divergence of opinion. It is rather generally 
accepted today that Charcot joints develop as the result of lessened sensitivity 
in the joints wdiich allow repeated minor traumata to occur without adequate 
protection by the muscles or tendons. In other words, the usual Charcot 
joint is traumatic, in the final anal3’^sis, in a patient wfith a defective sensory 
system. Numerous cases have been placed in the literature showing that 
trauma was the immediate cause of the development of the syphilitic ar- 
thropathy. 

The defense of the hypothesis that external trauma can have an unfavor- 
able influence on the tabetic process must be along the lines given above for 
paretic neurosyphilis. Direct trauma to the spinal cord by the injection of 
foreign substances into the spinal subarachnoid space (such as spinal an- 
esthesia) while an extremely rare occurrence, may have a deleterious effect 
on the tabetic process, as illustrated by the following case, which also em- 
phasizes the importance of an adequate examination of every patient before 
the administration of drugs intraspinously : 

A middle-aged white male, who had been previously in good health, was admitted 
to the hospital for the excision of external hemorrhoids. The records do not indicate 
that any neurologic examination or serologic tests were made before the administration 
of spinal anesthesia for the performance of the operation. After the operation the ' 
patient was unable to void his urine and there was weakness of the lower extremities. 
Neurologic examination showed the typical findings of tabetic neurosyphilis, and the 
cerebrospinal fluid, examined on numerous occasions, contained an excess of cells, an 
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BRIEF COMMUNICATIONS 

HYDROMETROCOLPOS IN INFANCY 

CASE REPORT 

Millard S. Rosenblatt, M.D., and Paul V. Woolley, Jr., M.D. 

Portland, Oregon 

FROM THE DOERNBECHER MEMORIAL HOSPITAL, AND THE DEPARTMENT OF SURGERY AND PEDIATRICS, 
UNIVERSITY OF OREGON MEDICAL SCHOOL AND CLINICS, PORTLAND, OREGON 

Congenital atresia of the vagina, ^vhen coexistent with abnormal ac- 
tivity of uterine and cervical glands, resiilrs in distension of the uterus and 
vagina proximal to the point of obstruction. Mahoney and Chamberlain^ 
have recently called attention to the imiKirtance of this condition, hydro- 
metrocolpos, as the cause of palpable alKiominal tumors in female infants, 
and have stressed the need for recognition of the comiilex before unnecessary 
and dangerous abdominal surgery is unrlertaken. They have pointed out 
that absolute diagnosis can be obtained in a suspecTed case through roent- 
genoscopic studies after the injection of radiopaque substances through the 
point of atresia. The logical treatment, incision through the imperforate 
membrane, resulted in complete regression of signs and symptoms in the 
single case where a correct diagnosis was made preoperatively. 

We have recentl}^ had the opportunity to study a classic example of hydro- 
metrocolpos which afforded confirmation of the value of roentgenoscopy in 
establishing a correct diagnosis and illustrated the importance of acute urinary 
retention as a complicating factor. 

Case Report. — Hosp. No. 127642: The infant, a female, age 17 days, had pro- 
gressed well for the first few days following an uneventful birth. A progressive in- 
crease in the size of the abdomen was noted thereafter, and for several days prior 
to admission the output of urine had been reduced. The baby screamed constantly 
as if in pain. Examination showed her to be an adequate newborn. Her abdomen was 
markedly distended by a mass which extended from under the pubis to a point within 
three centimeters of the xiphoid. It was rounded, smooth, flat to percussion, and it 
did not present in the flanks. Presenting at the vagina was a smooth cystic mass which 
protruded when the baby cried but was not under the same tension as was the 
abdominal mass. Catheterization yielded 360 cc. of cloud}’’ urine, and resulted in 
disappearance of the prominent abdominal mass, but rev'ealed a second tumor in the 
midline, which was the size of a small orange, and, when felt through the rectum, vas 
found to extend into the pelvis and to be confluent with the protuberance present at tlic 
vaginal outlet 

Procedure. — A. needle was passed into the vaginal portion of the tumor and 30 oc. 
of mucinous grey fluid was removed and replaced b}’’ 20 cc. of radiopaque media. 
Roentgenograms then demonstrated the tumor to consist of a greatlj' dilated vagina and 
uterus (Fig. i). A cruciform incision was placed through the vaginal protuberance 
and six ounces of fluid, similar to that aspirated, was allowed to escape, A\ith almost 
immediate disappearance of the mass. A small amount of fluid continued to leak from 
the incision for a few hours and thereafter no discharge of any description was evident. 
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Tlie postoperative course was complicated by pyuria and other evidences of an 
atonic bladder. Improvement was gradual over a period of two weeks, during which 
time frequent catheterizations were done and adequate chemotherapy was given. When 
seen at the age of three months the urine was clear and there was no bladder residual. 
The point of incision could not be made out at the introitus but there appeared to be 
a dilated hymenal ring whicli was free from tabs or other irregularities. 

Whether this case is representative of an imperforate hymen or of actual 
atresia of the vagina has not been answered. Certainly, the protuberance 
appeared to descend from well above the usual site of the hymen and its wall 
was rather thick and vascular; suggesting more of an atresia. The fluid 
obtained by needling was similar in appearance to that so frequently noted 
in the normal newlyborn female. It was viscid, free from cellular elements, 
and contained i.6 grams per cent of protein. 



Fig I. — Roentgenogram following replacement of contents of tumor with radiopaque media. 


SUMMARY 

A case of hydrometrocolpos, occurring in a newlyborn girl and com- 
])licated by acute urinary retention, is described. Such cases appear to 
depend upon the concomitant existence of an atresia of the vagina and an 
excessive secretion of cervical and uterine glands. A correct diagnosis 
can be established by visualization of the tumor after injection with 
radiopaque substance, and treatment is confined to incision through the 
atretic membrane. The true nature of the condition must be recognized, 
otherwise dangerous, crippling, and unnecessary abdominal surgery may be 
inadvertently undertaken. 

REFERENCE 

1 Mahoney, P. J., and Chamberlain. J. W.; Hydrometrocolpos in Infancy. Jour. Pediat . 

17, 772, 1940. 
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Fig. 2. The slope of the new clip (right) has been reduced to minimize interference. 


the points angle down and sink 
easily into the skin when the clip 
is closed ; but when the clip rests 
in position on the skin, the points 
do not angle down into the skin. 
Figure i compares the angle of 
the tips of an ordinary towel clip 
and of the improved clip in these 
two positions. To meet the sec- 
ond defect, the slope of the blades 
has been reduced so that when 
the clip is in position on the skin 
it offers minimum interference. 
Figure 2 compares the slope of 
the blades in the ordinary clip 
and in the improved clip. 

Figure 3 gives the dimensions 
for the manufacture of this type 
of clip,* which may be obtained 
in three and one-half- and five 
and one-half-inch lengths. We 
prefer the shorter. 

I'ic. 3-— Working design of the improved clip. J^e USe of this towel dip haS 

permitted accurate and easy fixation of the towel corners to the skin at the 
line of incision and minimum interference Avith other instruments. 

* This towel dip was made to our designs by Codman and Shurtleff, Inc., Bos- 
ton, Mass. 
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is reliable, up to date, and authoritative, and there are some chajiters that give data 
frequently omitted from even the most extensive text book. However, we feel that 
certain aspects of the book are open to criticism. 

First, a multitude of authors have apparently interfered with the coordinated ar- 
rangement of the subject material, the book being more like the getting together and 
binding up of a lot of pamphlets than a teaching manual. 

Again, there seems to be a difference of purpose between the part on ophthalmology 
and on otolaryngology as to the clientele for whom the book is intended. From the 
preface on ophthalmology we quote, “This compendium is not intended to be a treatise 
on ophthalmology, nor is it designed for the experienced ophthalmologist.” One would 
infer that it was designed for the general practitioner. Whereas in the preface to the 
part on otolaryngology again we quote, “No attempt has been made to present elementary 
principles and practice, as it is fair to assume that commissioned otolaryngologists . . 
have been trained beyond any such requirement.” Perhaps these two statements help 
explain the differences in the amount and detail of the subject matter in the different 
chapters and why the ophthalmologic part is so much more detailed and extensive than 
the otolaryngological. In otolaryngology there are two chapters spent on the diagnosis 
and treatment of petrositis, a subject which requires the utmost of specialized training, 
while there is scarely a word concerning the method of examining the ear for functional 
disturbances. Yet in the part on ophthalmology there are two chapters devoted to func- 
tional testing and methods of examining the eye.. 

Also we wonder why some 42 pages are devoted to facial maxillary surgery which 
the otolaryngologist in civil practice usually turns over to the maxillofacial surgeon. 
Useful knowledge yes, but this space could have been more appropriately used for 
more detailed data concerning real otolaryngologic problems even to the inclusion 
of some subjects that have been omitted on account of lack of space. 

However, in spite of these criticisms, we feel that this manual has a distinct place 
as a quick reference book for the field surgeon with accurate information which for the 
greater part is concisely and clearly stated. It is well printed, carefully indexed and 
the illustrations though not profuse are of distinct help in clarifying operative technic. 

George B. Wood, M.D. 
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lobectojniy for pulmonary tuberculosis 

Colonel Edward D. Churchill, M.C., A. U. S. 

AND 

Robert Klopstock, M.D. 

Bostox, Mass. 

FROM THH HARVARD MEDICAL SCHOOL, AND THE SURGICAL SERVICES OF THE 
MASSACHUSETTS GENERAL HOSPITAL, BOSTON, MASS, 

“Resection of lung tissue is very hazardous in the presence of a posi- 
tive sputum. If possible collapse therapy is preferred.” This is the conclusion 
drawn from a compilation of the recorded cases of pulmonary resection for 
tuberculosis by recent authors.^ In as rapidly developing a field as thoracic 
surgeiy, impressions drawn from past experience are notoriously misleading. 
This is particularly true if a reportorial account of experience is taken at its 
face value, without critical analysis. 

The assembled cases of tuberculosis in which pulmonary resection has 
been carried out form an exceedingly heterogeneous group. Of 8o cases 
recorded as having been subjected to pneumonectomy or lobectomy, 30 
came to operation with an erroneous diagnosis. This can only mean that 
the preoperative estimate of the situation and, consequently, the time of 
operation and the technics employed, were not in terms of the pathology 
of tuberculosis. These operations were not performed “for” tuberculosis 
— the true nature of the disease was discovered too late for the observance 
of important elementary principles. 

Twelve other cases were operated upon after collapse therapy had 
failed — always an added technical burden. Other cases were resected be- 
cause of bronchiectasis, intractable hemorrhage, or in the presence of the 
fever and toxicity of bronchial strictures. 

In the lobectomy group no reference to the surgical technics employed 
is made. Kent and Blades^ conclude from their anatomic dissections that 
the application of individual ligation technic to the right upper lobe is 
possible, but appear to know of only one instance in which lobectomy has 
been thus performed. These authors state that as far as the left upper 
lobe is concerned, “except under unusually favorable circumstances, the 
individual ligation technic for resection will be hazardous or impossible.” 

Resections of upper lobes, both right and left, by individual ligation 
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technics have been routinely perfonned in this hospital since 1936, and 
total 21 in number. 

While it seems unlikely that the opinions of Kent and Blades reflect a 
general belief, they at least suggest that a considerable number of the 
lobectomies for tuberculosis collected by Thornton and Adams-'* may have 
been carried out by the tourniquet technic. This is a procedure eminently 
successful in bronchiectasis but if applied to a tuberculous lesion would 
seem predestined to invite empyema, bronchial fistula, or both. 



f 


4 

Fig la — Preoperative, May, 1939 Oval shadow of increased density 
in the apex of the right lower lobe An irregular cavity present in the mass 


Not content to accept a conclusion based on the disasters and prejudices 
of the past, it seems desirable to present new evidence regarding what may 
be accomplished at the present time. The cases herewith reported are 
successive'*' lobectomies performed for pulmonary tuberculosis. All had 
positive sputum. All were operated upon with a preoperative diagnosis of 
tuberculosis. 

Discussion of total pneumonectomy in tuberculosis is intentionally omitted, 
despite a relatively large and favorable personal experience with this pro- 

* One other case in which lower lobectomy was performed for bronchial stenosis 
following upper thoracoplasty has been intentionally omitted, although the patient is 
alive and well, with complete healing. The case illustrates different surgical principles. 
Grouping dissimilar cases creates the illusion of impressive numbers, but obscures 
important principles from which conclusions may be drawn. 
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of pulmonary function than even a seven rib tlioracoplasty. Whether or 
no it is more selective than a skilfully controlled artificial pneumothorax 
is open to debate. Properly used, artificial pneumothorax has the advantage 
of being a reversible form of therapy. The therapeutic goal is a re- 
expanded healed lung. As lobectomy is by definition irreversible, it can 
be suggested as an alternate to artificial pneumothorax only ivhen tuber- 



culosis has produced irreversible or irreparable destruction of lung substance. 
In these instances the strategy of a temporary reversible measure such as 
artificial pneumothorax is lost in the dilemma of either maintaining the 
collapse indefinitely, or facing reactivation by withdrawal. 

The first three case records stand as instances of indications for lobectomy 
that can hardly be challenged as a departure from accepted surgical and 
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in size and showed a cavity in the center. Bronchoscopy and the bronchogram were 
uninformative. Sever al physicians considered that the appearance of the lesion was 
atypical for tuberculosis. Both malignancy and chronic lung abscess were considered. 

On entry to this hospital the patient was essentially free of symptoms, her sputum 
was minimal in amount, and negative. The roentgenologist described an oval mass in 
the apex of the right lower lobe in contact with 6th and yth dorsal vertebrae, measuring 
6.5 X 4.5 cm. in diameter. An irregular cavity, with possible fluid level, was present 
in the mass. The periphery of the mass was smooth. There was definite thickening 
of the pleura overlying the vertebrae. The left lung was clear. The findings were 
considered consistent with tuberculosis, although admittedly unusual (Fig. la). 








Fig 2a — Preoperative, November, 1941. Partiallj collapsed right upper lobe. 


Opetaiion. — 6-2-39: Resection of the right lower lobe, with individual ligation 
technic. 

Pathologic Examination. — In the apex of the right lower lobe was a caseous 
mass, well encapsulated, containing an irregular cavity (Fig. ib). No free bronchial 
communication. A few scattered foci, pleural and subpleural, were present. Smear 
jfom caseous matciial was loaded with acid-jast bacilli. 

Postopeiative Com sc. — Uneventful. Patient was discharged on the 2961 post- 
operative day in good health (Fig. ic). She has been well since. 

Postoperative Roentgenologic Examination — ^June, 1942, three j'ears after opera- 
tion, negative for tuberculosis. Pleural scar in region of the 2nd rib (Fig. id). 

CoMMENi : This case represents the well known problem of the hilar 
round shadow, with or without cavitation. The majority of these are 
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Case 2. — U No. 329952 : A. P., male, age 38, was admitted to the Massachusetts 
General Hospital in November, 1941. His previous history revealed that one and one- 
half years before entry, on a routine roentgenologic examination, a dense and contracted 
right upper lobe was found. Both sputum and gastric contents were positive for 
tuberculosis. At the Sanatorium of the Metropolitan Life Insurance Co., the patient 
was treated by bed-rest. A bronchoscopy revealed obstruction of the right upper lobe 
bronchus by a lesion described as a tuberculous granuloma. The condition of the patient 
remained satisfactory but the roentgenologic findings did not change. The minimal 
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I'lG. 2C. — Postoperative chart. 

sputum continued to show tubercle bacilli. Surgery was advised, and the patient referred 
to the Massachusetts General Hospital. The physical examination, bronchoscopy and 
laboratory findings at this hospital confirmed the diagnosis of the Sanatorium. The 
interpretation of the chest film by our X-ray Department is as follows : "Partial collapse 
of the right upper lobe, with probable cavitation and stenosis of the right upper lobe 
bronchus” (Fig. 2a). 

Operation. — 11-28-41: Removal of the right upper lobe, with individual ligation 
technic. 


648 




'»a;or "'/j/ci, , ■ 4 ^^OSls * 

Tiiere J S'»ood, co// 

o. (F/5.. son,e cv!. Z ^mailer sk^ 

extent ^vste ^PPeara^cf ^^^nieJou 

""’a^-g-ed on d,e 

■■ POif- 







oaaarr'°'’"'“''Oo7fa/'°' '''~'’”'«'’»»ov., , , 

aa'’:?«»'"a.t:r', ^5;; «•,:•■ *-«s trr 

''«,nosei™j''"°'iic coug,"""'^}'. f “"and Sta”^" one cWld 

^t::,.? ta- ;•'. cr?o:r 

«« '■Ol'oarcd Jocao^^l^oo „,^ ^^^ed 

"'^e. j„ 


CHURCHILL AND KLOPSTOCK Annals of surgery 

51 a 1 . 19 4 3 

the basal third of the right upper lobe was an homogeneous density with sharp marginal 
demarcation towards the lower and middle lobe (Fig. 3a). The findings were con- 
sidered consistent with tuberculous infiltration, although collapse was recognized as a 
part of the pathology. The suspected tuberculous involvement of the right upper lobe 
bronchus could no be confirmed at that time. Artificial pneumothorax on the right 
side was instituted and maintained (Fig. 3b). The patient’s symptomatic recovery was 
good, she gained twenty pounds, but her sputum continued to contain tubercle bacilli. 

Operation. — 7-9-42: The right 4th rib was resected and the right chest was opened. 
The lung was found collapsed due to the previous pneumothorax. When positive 



pressure was applied the two lower lobes, i.e., the middle and lower lobes, they expanded 
well but it was impossible to demonstrate any aeration of the upper lobe. A clamp 
was placed on the visceral pleura of the upper lobe to be used for traction purposes, 
and, from above downward, the lobe was dissected free from mediastinum and azygos 
vein where it was densely adherent. The structures at the hilum were isolated singly 
and the vessels doubly ligated. The lobe was then freed from the middle lobe. The 
ascending artery was identified and doubly ligated. The bronchus to the upper lobe was 
found to be partially stenosed by scar. The bronchus was closed. Denuded areas, particu- 
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Comment; Cases 2 and 3 exhibit the iDeculiar pathologic pattern of uni- 
lobar tuberculous involvement of the bronchi, large and small. As to patho- 
genesis, an hematogenous origin is the most probable. Aspiration as the cause 
of this caseous bronchitis appears out of question, since there is no liquefying 
focus or chronic cavity to provide so thorough a seeding. Unilobar caseous 
bronchitis is likely to be erroneously considered as an infiltrative or exudative 
lesion due to the dense homogeneous roentgenologic appearance and sharp 
marginal demarcation. The third case (H.P.) demonstrates better than any 
statement the effect of collapse therapy upon a lobe the bronchi of which 
are diseased. The induction of the pneumothorax was followed by an im- 
mediate and complete collapse, giving in two days an appearance identical 



I'lG. 3c. — Surgical specimen. Cut surface of the resected lobe. See the note on the pathology 
of this specimen. 


to the film reproduced in Figure 3b. Such an occurrence in the early phase 
of pneumothorax therapy should be regarded as an indication that one is not 
dealing with an infiltrative process which can be successfully treated by 
collapse therapy. This type of underlying pathology leads to the complica- 
tion of the unexpandable lung. Even the most ideal and long standing col- 
lapse may not lead to healing of the tuberculous process if there has been an 
incorrect interpretation of the pathology. Thoracoplasty would have been 
equally ineffective. Ablation of the involved lobe seems the only feasible form 
of therapy. 

Case 4. — U No. 345056; L. F., female, age 22, was admitted in March, 1942, 
from the Rutland State Sanatorium. Her disease was discoveied in October, 1941, by 
a routine roentgenologic examination following a diagnosis of pulmonary tuberculosis 
made on her brother one month earlier. She was found to have an indurative tuberculosis, 
with cavitation in the right upper lobe, and positive sputum. She was admitted im- 
mediately to the Rutland State Sanatorium. Therapeutic pneumothorax could not be 
established because of obliteration of the pleural space, therefore, she was kept on bed- 
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After these were developed the hilum was easy to dissect, ligating the superior branch 
of the pulmonary artery in two divisions and the superior pulmonary vein in three 
branches. No ascending upper lobe artery was identified. It was believed to be absent. 
The bronchus was isolated and secured with a catgut matticss suture. It was amputated 
at its first division and the end closed with inteiruptcd silk after cauterizing the 
mucous membrane with phenol. No pedicle flap was available for coverage. The 
mediastinal pleura was sutured over it and, after crushing the phrenic nerve at the 
level of the azygos vein, the hilar portion of the lower and middle lobes could be 
drawn up to cover the bronchial stump. 

The adhesions of the dorsal segment of the lower lobe to the parietal pleura were 
divided to allow its ascent toward the apex. The lower part of the pleural cavity was 



\ 


J 



Fig. 3e — Roentgenogram of the chest four iveeks after operation (August 3, 
1942). No tuberculous pathology visible. 


found completely obliterated. The pleural space was dusted with four grams of sulfa- 
nilamide, and the incision closed with silk, without drainage. Air was aspirated. 

Pathologic Examinatton. — Gioss: The specimen shows the posterior part of the 
light apex changed by radiating induration of rubber-like consistency. At the center 
lies a ^‘punched out” cavity the inner surface of which is coated with a very thin caseous 
exudate. A smalt bronchus, the only one, leading toward the cavity is obliterated. 
The superior and anterior part of the apex exhibits an irregular giay scar intermixed 
with emphysematous parenchyma representing a healed lesion of earliei date (Fig. 4b). 

Postoperative Course . — This was, as in preceding cases, extiemely smooth and 
uneventful. She was discharged on the 35th postoperative day (Fig. 4c). One month 
after operation tuberculin tests (i :SO,ooo and i :20,ooo O.T.) were negative. She is 
living with her family at home. 


654 


!°^^ctomy • patient ^ g. 

r i~n M '“^Pfesfj, 4 "ii;, j. 


'%K 










^3irg.j ^* 43. — p_ 

foe; ,• “°”- 4'\„"'»'-t';'f«"«™'.. » .4 

fo« " 'eft 0,2 , ' "'“«»• "" "" ?S;*ss '» I 

»•■<" P. rr"’ Wsie p" '"''wed ^f'" <iftfte« T'°"’"'-e.v o„ r”^'" '>'- 
Om -. cm,.. ' ^Jad p .. S/ie rm,..- -fn f/je _.: 


' »-d" F," ^/"■". l9do, ;2 P" '"''"«</ T'°"’"'-e.v o„ r''''fte fc, 

--o., tr no.^;., --Cf 

*^^^on. 2^i)e rip-Uf. » ^^rs’cri’- / 

^^nse. 


CHURCHILL AND KLOPSTOCIC 


Annal? of StirRorv 
M a j , 19 4 3 


The left lung was apparently stable but there was a suggestion of a one cm. cavity 
with some infiltration around it in the mid-lung field, where the cavitation had been 
demonstrated previously (Fig. 5b). The sputum was loaded with tubercle bacilli. 
Bronchoscopy was uninformative. 

Operation: A right upper lobectomy was performed on September 16, 1942.^ Under 
intratracheal gas-oxygen-ether anesthesia, with the patient lying on her left side, the 
right chest was prepared with iodine and an incision made over the 5th rib. The 

muscles were divided down to the chest wall. Subperiosteal resection of the 5th rib 

was done. The pleural cavity was opened through an area free of adhesions, and 

it was then seen that the right upper lobe was densely bound down by adhesions. An 



Pjc Surgical specimen. The photograph shows only the diseased 

area. Note the sclerotic tissue surrounding the cavity. 


intrapleural dissection was started and continued until it was found that bleeding was 
excessive in this plane. Extrapleural dissection was then attempted and found to be 
more feasible By combined intra- and extrapleural dissection the upper lobe was 
entirely freed bleeding vessels being controlled with dura clips and silk ligatures. The 
Lsure between the middle and lower lobes of the lung was found to be free of adhesions. 
Following the individual ligation of the pulmonary veins and arteries, the bronchus 
Rotated closed with a mattress suture, and cut across. Several sutures were placed 
was ISO , Durine the entire procedure there was no contamination of the 

,0 close the bronchus. Du f * ' ' The mMclIc lobe was freed so that the 

pleural space nor rvas . he 1, ug ,„„a„i,a™ide were 

::tte 1 pleurT cav^ after h.u.ostasis ™s conrplete. The lower lohe was 
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right side no pathology, other than postoperative changes. The lesion on the left was 
resolved except for a 1.5 cm. thin wall ring shadow (Fig. se). Since the main lesion had 
been eradicated, the control of the contralateral cavity by pneumothorax became a hopeful 
therapeutic measuie. Accordingly, on December 16, 1942, left pneumothorax was re- 
established and has been continued (Fig. sf). In March, 1943, sputum was still positive, 
and bronchoscopic examination showed no evidence of ulceiation or tuberculous granu- 
lation in any of the bronchi. 


Fig. 4d — Postoperative thiee months (July, 1942). No tuberculous pathology visible 

Comment: The case presents the rather crucial problem of contralateral 
disease in the presence of a giant upper lobe cavity in a young woman, age 
24. The contralateral side had exhibited susceptibility to bronchogenic 
spread and contained two small cavities. Pneumothorax had proved to be 
ineffective. In accord with usual practice, thoracoplasty would be the 
method of treatment. Considering the extent of the disease, several stages 
would have been required to close this cavity and the tiny bronchial com- 
munication may Avell have produced the “block” phenomenon. During the 
entire course of the surgical program the dangers of bronchogenic aspiration 
spread would have persisted. 

The selective nature of lobectomy is well illustrated in that the chief 
focus of the disease was eliminated by a single operative procedure that 
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Fig. 5 b. 

Fig. 5a. — August, 1941. Cirrhotic tuberculosis, with extensive cavitation in the 
right upper lobe. Left midlung field shows two cavities, representing liquefied aspir- 
ation foci. 

Fig. sb. — On admission to the Massachusetts General Hospital. The cavities in 
the right upper lobe enlarged. Lesion on the left side unchanged but obscured by 
perifocal infiltration. 
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left the right lower and middle lobes intact. It was then possible to institute a 
contralateral artificial pneumothorax for the preexisting bronchogenic spread. 

Case 6. — U No 377igg' M Jrl , female, age 35, was admitted in October, 1942, to 
the Massachusetts Geneial Plospital Her first bieakdown was 13 jears previousl.v— 
tieated with bed lest for two years Sputum was negative at that time In 1936, 
tuberculosis flared up in the left upper lobe. According to the available roentgenogiam 
(Fig. 6a) she had a productive tuberculosis m the left upper lobe with a few circum- 





Fig sc — Surgical specimen Note tlie size of the cavities, their sclerotic walls 
and the lack of bronchial drainage with the e-sception of a single “pm head’’ size 
communication with the bronchial tree. There was no reason to predict that a 
“blocked” cavity existed 

scribed foci but without visible cavitation. The sputum became positive at that time. 
She was treated with aitihcial pneumothorax on the left side (Fig. 6b). The treat- 
ment was continued for three and one-half years After leexpansion she was able to 
lead a normal and active life. In June, 1942, she developed a productive cough. The 
sputum became positive for tabeicle bacilli. In July, 1942, she was concerned with 
marital worries and difficulties and lost 14 pounds of weight. A roentgenogram, how- 
ever, did not show any change as compared with the one taken after her pneumo- 
thorax w'as discontinued At that time she also complained of fatigue. She was re- 
admitted to the Cbanning Home where the pneumothorax had been originally started. 
The staff of this institution referred the patient for surgery. 

On admission to the Massachusetts General Hospital the patient was in good general 
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condition. The sputiini was minimal but contained tubercle bacilli. A roentgenogram 
(Fig. 6c) showed a shrunken and dense upper lobe on the left side, with scattered, 
circumscrilied foci, varying in size from 2 to 5 mm. in diameter. No cavity was visible. 

Operation. — 10-14-42: A left iijijier lobcctoim’ was performed. With the patient 
under intratracheal gas-oxygen-ethcr anesthesia, and on her right side, the left chest 
was prepared with iodine. An incision was made over the course of the 5th rib and 
curved in order to free the tip of the scapula. The trapezius was divided posteriorly, 
then the rhomhoids and serratus posticus identified. This was separated from its 
attachment to the 5th rib and snberiosteal resection of the rib carried out. The pleural 
cavity was entered. Dissection of the left upper lobe was then carried out through 
very tenuous, avascular adhesions. Sharp dissection was necessary throughout. The 



Fig. 5(1. — Postoperative chart. 

fissure between the lower and upper lobes of the left lung was identified and developed. 
On the posterior uiipcr aspect of the lobe, considerable difficulty was met in freeing 
the lung from adhesions. The hilum of the lung was approached and individual ligation 
of the arteries and veins carried out. The fissure between the upper and lower lobes 
was then completed by cutting between clamps and suturing the defect. The bronchus 
to the left upper lobe was identified, two staj'-sutures inserted and the bronchus divided. 
The bronchus was then closed with multiple interrupted silk sutures. The left lower 
lobe was then partially mobilized and a pedicle sutured over the closed bronchus. The 
specimen removed contained left upper lobe and lingula. Four grams of sulfanilamide 
were dusted into the pleural cavity, and the chest closed in layers, the divided muscles 
and skin being approximated with silk. The patient left the operating room in good 
condition, blood pressure being iio/So, and her blood well oxygenated. 

Pathologic Examination. — Gross: (Fig. 6d) : A shrunken left upper lobe. The 
pleural surface is roughened by the presence of fibrous tags representing old adhesions. 
The major bronchi have thickened, tyalls and narrowed lumens. At the very apex 
there are several foci which hold inspissated caseou debris, and have sharpl}'' defined 
walls. They represent either previous cavities or old round foci, the latter are the 
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Fig. 5 f. 

Fig. 5e. (Abo^e) — Postoperative eight weeks (December ii, 1942^' "Fhe 
right side is vithout visible tuberculous pathologj'. The left side exhibits two 
thin-walled small cavities, without the perifocal infiltration seen in the imme- 
diately preoperative film. No signs of postoperative exacerbation. 

Fig. sf. (Below) — Postoperative roentgenogi am (December 30 , 1942): Mar- 
ginal artificial pneumothorax induced on left. Cavities no longer visible. 
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chiectatic area remaining after the substitution of caseous and tuberculous 
elements in the cavity, wall by ordinary granulation tissue, with subsequent 
epitbelization and fibrous shrinking of the space. Healing by conversion of 
the cavity into a solid focus seems to be the most frequent form of cavity 
healing. It is noteworthy that the cases studied, the number of which is too 
small (i6) to permit of a statistical analysis, were almost without exception 
obtained from individuals previously treated with some form of collapse 
therapy. In other words, collapse therapy, pneumothorax and thoracoplasty 



Fig 6 b — August, 1936 Incomplete artificial pneumothorax. 

alike, may favor the conversion of the open cavity into a closed one that 
may still maintain a caseous focus. 

We have been fortunate in being able to carry on careful studies on a 
relatively large number of surgically removed lobes and lungs. The specimens 
have all shown one type of cavity residuum, the so-called converted focus 
wdiich, in clinical practice, is designated as "healed.” These w^ell w^alled-off 
foci, although firm in consistence, invariably contain caseous material. One 
or two in each specimen appear to be in the process of bi caking through their 
capsules. It does not appear to be a permanent and safe metbod of cavity 
healing, yet it may \YeIl represent the characteristic response to collapse 
therapy. 
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The frequently repeated statement that access to the hilum may be 
blocked by tuberculous infiltration of lymph nodes is erroneous. Once the 
primary lesion is established, tuberculous foci in an organ do not produce a 
lesion in the corresponding lymph nodesd Upper (or lower) lobe lobectomy 
is carried out by individual ligation technic. An accurate knowledge of the 
complex anatomic structures and their common variations is essential. 



Fig 6d. — Surgical specimen. Note the morphology and distribution of the foci. 

Traces of caseous bronchitis. (Pattern of hematogenous pulmonary tuberculosis.) 

Following upper lobe resection the lower lobe, if adherent, is mobilized 
so that it may ascend to fill the apex. Intratlioracic crushing of the phrenic 
nerve has been done to reduce temporarily the volume of the hemithorax. 
Whether this is necessary or even advisable remains to be seen. In thora- 
coplasty one fears lower lobe aspiration pneumonitis in the presence of a 
paralyzed diaphragm. '\^fith surgical ablation of the source of sputum and 
complete freedom from paradoxical motion of the chest wall the conditions 
are quite dift’erent. 
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Silk tcchuic is used tliroughout except for a proximal row of sutures 
penetrating the bronchial mucosa, where fine chromic catgut has been 
employed. 

The ideural cavity is closed without drainage and the chest wall muscles 
approximated by interrupted sutures of fine silk. Intrapleural pressure is 
adjusted to a moderate degree of negative pressure. 

Posiopcrofhr Care: An oxygen tent is used routinely for the first 24 



Fig. 6e. — PostoperaAive cliavt. 


hours. Fluid or residual air may be reduced with needle aspiration, accord- 
ing to individual indications, preferably maintaining a moderate degree of 
negative pressure. 

General Comments: If a lobectomy has been planned, technical dif- 
ficulties that lead to resection of the entire lung must not be countenanced. 
The goal of the operation is consen'^ation of normal lung tissue as well as 
ablation of the diseased focus. Interlobar fissures that have been obliterated 
by adhesions, or anatomically incomplete fissui'es, can and must be developed 
by careful dissection. Discoveiy of healed foci in adjacent lobes is not an 
indication for resecting them. 
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From a technical standpoint total pneumonectomy is a more rapid and 
simple procedure than individual ligation lobectomy. Obviously, it has 
no place in this discussion as an alternative to artificial pneumothorax or 
thoracoplasty in dealing with unilobar tuberculosis. 

Discussion : Collapse therapy is eminently satisfactory in a high percent- 
age of cases of pulmonary tuberculosis that require radical therapy. Its 
hazards are computable and by no means excessive. It has lightened but 
not eliminated the great economic and temporal wastage of the disease. 



1 IG 6f — Postoperative, January 15, 1943, three months after left upper 
lobectomi There is one large and a few small calcifying foci visible in the 
apex of the reexpanded lower lobe but no active pathology discernible 


It majq for an indefinite period, remain the best form of treatment for the 
vast majority of patients requiring surgical intervention. 

Before factual data are at hand to establish the safety of lobectomy as 
contrasted wfith thoracoplasty or long-continued artificial pneumothorax, it 
may seem mischievous to speculate regarding the theoretic advantages of 
such a procedure. A shortening of the span of treatment is not the least 
of these. Conversion of the personality all too frequently accompanies con- 
version of the sputum when the latter is attained at the expense of years 
of invalidism. 

But from the more concrete physical point of view there are certain things 
to be gained. Lobectomy is more liighly selective than tlioracoplasty and 
as selective as the most skillfully managed pneumothorax, assuming in the 
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THE LOCAL EFEECT OF SULFANILAMIDE, SULFATHIAZOLE AND 
SULFADIAZINE UPON HEMOLYTIC STAPHYLOCOCCUS AUREUS 
INFECTIONS OF THE PLEURAL CAVITY 
Rollin a. Daniel, Jr., M.D., F. T. Billings, M.D.,* 

AND 

Richard R. Crutcher, M.D.f 

Nashville, Teun-. 

FROM THE DEPARTMENTS OF SURGERY AND MEDICINE, VANDERBILT UNIVERSITY SCHOOL OF MEDICINE, 

NASHVILLE, TENN. 

Allbritten, Flick and Gibbon^ recently reported upon the use of sulfa- 
nilamide in patients subjected to lobectomy or total pneumonectom)^ The 
patients were given the drug by mouth on the day preceding operation and 
administration was continued postoperatively. In seven patients treated 
in this manner, four developed empyema. In ten patients, sulfanilamide 
was also placed in the pleural cavity after excision of the diseased lobe or 
lung. Eight of these patients developed empyema. Individual ligation of 
the hilar structures was performed in six lobectomies, and in six other lobec- 
tomies mass ligation of the hilum was employed. Empyema occurred in four 
patients in each group. Burford and Graham^ published their clinical ex- 
perience with the use of sulfanilamide in the pleural cavity following the 
removal of one or more lobes of the lung. Individual ligation of the hilar 
structures was employed in eight patients, and in all of these the bronchus 
remained closed. None of these patients developed empyema. Mass liga- 
tion ‘of the hilum was performed in 14 cases, and the bronchus subsequently 
opened in every patient. Empyema occurred in all of these patients. They 
believe that “where contamination at the time of operation is rather gross, 
but where the bronchus may be reasonably expected to remain closed, the 
drug very likely has value in preventing an empyema.” 

Kent and Graham® reported experimental observations on the prevention 
of empyema in dogs, produced by contamination of the pleura with putrid 
pus obtained from patients with empyema. The material was placed in the 
pleural space through an intercostal incision and lung tissue was not removed. 
Six groups of experiments were performed, with four animals in each group. 
Two cubic centimeters of pus was placed in every animal. The first group 
of four dogs received no drug. All died of empyema. In the second group, 
four grams of sulfanilamide was also placed in the pleural space. The 
same amounts of sulfapyridine, su lfathiazole and sulfaguaindine were used 

* Captain F. T. Billings, M.C., U. S. Army. 

t Captain Richard R. Crutcher, M.C., U. S. Army. 

The sulfanilamide and sulfathiazole used in this work were supplied by E. R. 

Squibb & Sons, New York. , ^ , r t. • -vt , 

The sulfadiazine used in tliis work was supplied by Lederle Laboratories, New York, 

and E. R. Squibb & Sons, New York. 
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in the third, fourtli and fifth groups, respectively. In the sixth group, 
a mixture of one gram of each of the above drugs was placed into the 
chest of each animal. All of the 20 treated animals recovered, and no 
evidence of infection was found when the}^ were autopsied three weeks later. 

The experiments presented in this report were undertaken to determine 
the relative effectiveness of the more commonly used sulfonamide drugs when 
employed local!}', following experimental pneumonectomy in dogs. The 
hemolytic Staphylococcus aureus was employed as the infecting organism. 

Table I 

RESULTS OF INJECTION OF 4 CC. OF A 24-IIOUR BROTH CULTURE + 8 CC. AGAR COMPARED WITH THOSE AFTER 

TREAT.MENT WITH SULFATHIAZOLE 

4 Cc. 24-Hour Broth Culture 8 Cc. Agar SulfathiazQle 


Controls: Xo Drug Used 0.3 Gm. Sulfathiazole Per Kg. Body Weight 


Exper. 

Duration of 

Cause of 

Culture of 

Exper. 

Duration of 

Cause of 

Culture of 

No. 

Life after Op. 

Death 

Pleural Cavity 

No. 

Life after Op. 

Death Pleural Cavity 

1 

24 hours 

Empyema 

H. Slaph. aureus 

2 

6 days 

Massive pleural 
effusion (1000 cc.) 

No growth 

3 

4 days 

Empyema 

H. Slaph. aureus 

4 

6 days 

No cause apparent 

No growth 

5 

4 days 

Empyema 

H. Staph, aureus 

6 

14 days 

Empyema H. Slaph. aureus 

7 

4 days 

Empyema 

H. Slaph. aureus 

8 


Sacrificed: 

2 months 

No growth 

9 

4 days 

Empyema 

H. Slaph. aureus 

10 


Sacrificed: 

2 months 

No growth 

11 

6 days 

Empyema 

H. Staph, aureus 

12 

13 


Sacrificed: 

2 months 
Sacrificed: 

2 months 

No growth 

No growth 


Total No. dogs; 6. Died of empyema; 6 Total No. dogs: 7. Died of empyema: 1 

EXPERIMENTAL PROCEDURES 

Normal dogs were used which varied in weight from 6 to 14 kilograms. 
The left chest wall was shaved and prepared with soap and water, and iodine 
and alcohol. Intravenous nembutal anesthesia was administered. Inter- 
mittent insufflation of air was administered through an intratracheal catheter. 

Strict aseptic precautions were observed throughout the operative pro- 
cedure. An incision was made in the left sixth intercostal space. The ribs- 
were spread apart by means of a self-retaining retractor. The pulmonary 
vessels were divided between transfixing ligatures of silk. The bronchus 
was divided obliquely, and closed with interrupted fine silk sutures. The 
bronchial stump was then covered with a piece of mediastinal pleura. The 
organisms and drugs were placed in the pleural space through the open wound. 
The retracted ribs were then brought together by means of two encircling, 
fine stainless steel Avire sutures. The soft tissues Avere closed in layers with 
interrupted sutures of fine silk. 

Animals AAdiich died less than 12 hours after operation are not included 
in this study. 

The amount of infectious material required as a minimal lethal dose 
varied in different groups of experiments. The animals in Table I Avere 
operated upon in groups of two, organisms being placed into the chest of 
one dog and the organisms and drug into the other. Animals of approximately 
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the same weights were used in each of these groups. Four cubic centimeters 
of a 24-hour blood broth culture of hemolytic Staphylococcus aureus, mixed 
with eight cubic centimeters of warm agar, were used. Table II represents 
a group of 12 animals, all operated upon during the same day. Organisms 
of known virulence were in this way used in control animals and in animals 
in which sulfonamide therapy was used. Tables III and IV are groups of 
experiments carried out in the same way. 

Table II 

RESULTS OF INJECTION OF 0.25 CC. OF A 24-IIOUR BROTH CULTURE COMPARED WITH THOSE AFTER TREATMENT 

WITH SULFANILAMIDE 

0.25 Cc. 24-Hour Broth Culture Sulfanilamide 


Controls; No Drug Used 0.3 Gm. Sulfanilamide Per Kg. Body Weight 


Exper. 

Duration of Cause of 

Culture of 

Exper. Duration of 

Cause of 

Culture of 

No. 

Life after Op. Death 

Pleural Cavity 

No. 

Life after Op. 

Death 

Pleural Cavity 

14 

36 hours Empyema 

H. Staph, aureus 

15 

24 hours 

Empyema 

H. Staph, aureus 

16 

48 hours Empyema 

H. Staph, aureus 

17 

24 hours 

Empyema 

H. Staph, aureus 

18 

48 hours Empyema 

H. Staph, aureus 

19 

24 hours 

Empyema 

H. Staph, aureus 

20 

3 days Empyema 

H. Staph, aureus 

21 

2 days 

Empyema 

H. Staph, aureus 

22 

4 days Empyema 

H. Staph, aureus 

23 

5 days 

Empyema 

H. Staph, aureus 

24 

5 days Empyema 

H. Staph, aureus 

25 

Living (3 mos.) 



Total No. dogs: 6. Died of empyema; 6. 


Total No. dogs: 

6. Died of empyema: 5. 


Table HI 


RESULTS OF INJECTIONS OF 0.25 CC. OF A 24-HOUR 

MENT WITH 

0.25 Cc. 24-Hour Broth Culture. 


Controls; No Drug Used 


Exper. 

No. 

26 

Duration of 
Life after Op. 

36 hours 

Cause of 
Death 

Empyema 

Culture of 
Pleural Cavity 
H. Staph, aureus 

28 

48 hours 

Empyema 

H. Staph, aureus 

30 

3 days 

Empyema 

II. Staph, aureus 

32 

3 days 

Empyema 

H. Staph, aureus 

34 

36 

5 days 

Living (3 mos.) 

Empyema 

H. Staph, aui eus 


Total No. dogs; 6. Died of empyema; 5. 


BROTH CULTURE COMPARED WITH THOSE AFTER TREAT- 
SULFATHIAZOLE 

Sulfathiazole 


0.3 Gm. Sulfathiazole Per Kg. Body Weight 


Exper. 

Duration of 

Cause of 

Culture of 

No. 

Life after Op. 

Death 

Pleural Cavity 

27 

5 days 

Bronchus open. 

No growth 



No infection 


29 

6 days 

Pneumonia, rt. 

No growth 


No pleural infection 

31 

10 days 

Not determined. 

No growth 



No infection 


33 


Sacrificed: 

No growth 


12 days. Wound 
disrupted. No 
infection 


35 Living (3 mos.) 

37 Living (3 mos.) 

Total No. dogs: 6. Died of empyema: 0. 


Table IV 

RESULTS OF INJECTION OF 0.25 CC. OF A 24-HOUR BROTH CULTURE COMPARED WITH THOSE AFTER 

TREATMENT WITH SULFADIAZINE 


0.25 Cc. 24-Hour Broth Culture 

Controls: No Drug Used 
Exper. Duration of Cause of Culture of 
No. Life after Op. Death Pleural Cavity 
38 3 days Empyema H. Staph- aureus 

40 3 days Empyema H. Staph, aureus 

42 3 days Empyema U. Staph, aureus 

44 4 days Empyema U. Staph, aureus 

46 5 days Empyema H. Staph, aureus 

48 5 days Empyema li. Staph, aureus 

Total No. dogs: 6. Died of empyema; 6. 


Sulfadiazine 


0.3 Gm. Sulfadiazine Per Kg. Body Weight 


Exper. 

Duration of 

Cause of 

Culture of 

No. 

Life after Op. 

Death 

Pleural Cavity 

39 

24 hours 

Empyema 

H. Staph, aureus 

41 

24 hours 

Empyema 

H. Staph, aureus 

43 

24 hours 

Empyema 

H. Staph, aureus 

45 

Living (3 mos.) 



47 

Living (3 mos.) 



49 

Living (3 mos.) 




Total No. dogs: 

6. Died of empyema: 3. 
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Pneumonectomy was performed upon 14 dogs which were not contam- 
inated with the organisms. The effect of the sulfonamides upon the pleura 
were noted in ii of these animals. 

Sulfanilamide, sulfathiazole and sulfadiazine are the drugs which were 
employed. Three-tenths of a gram per kilogram of body weight was chosen 
as the amount of drug to be used in all experiments. Finely powdered crystals 
of the drug were poured through the wound over the surface of the mediastinal 
pleura immediately after introduction of the organisms. 



CirART I. — Graphic representation of the effects of sulphonamide therapy on the 
blood concentration. (Recorded in milligrams per loo cc. of blood.) 


The blood concentration determinations were recorded in milligrams per 
100 cc. of blood, according to the method of Bratton and Marshall.'* 
Average blood levels were computed, and are shown in Chart i. These de- 
terminations were all made from animals contaminated with the organisms. 
The sulfanilamide and sulfadiazine curv'^es represent average levels from five 
animals each, the sulfathiazole curves from eight animals. 

RESULTS 

THE EFFECT OF THE SULFONAAHDES ON THE PLEURA 

Left total pneumonectomy was performed upon ii dogs in which 0.3 
Gm. of sulfonamide drug per Kg. of body weight was placed in the pleural 
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not disrupted in any of the control animals (28 dogs) although all but two 
developed fatal empyema. 

SUMMARY AND CONCLUSIONS 

1. The effects of sulfanilamide, sulfathiazole and sulfadiazine upon the 
pleural cavity following pneumonectomy has been studied in the dog. 

2. The local effects of sulfanilamide, sulfathiazole and sulfadiazine upon 
the prevention of hemolytic staphylococcus infection in the pleural cavity 
of the dog, following pneumonectomy, have been studied. 

3. There is little gross local evidence of reaction to sulfanilamide or 
sulfathiazole used in the pleural cavity following pneumonectomy. Sulfa- 
diazine produces a more marked inflammatory reaction than do the other 
drugs. 

4. The local use of sulfathiazole is more effective in preventing hemolytic 
staphylococcus empyema following pneumonectomy in the dog than are 
either sulfanilamide or sulfadiazine. The local use of sulfanilamide is least 
effective in prevention of this infection. 

5. The absorption of sulfanilamide from the contaminated pleural cavit)'^ 
takes place slightly more rapidly than does sulfathiazole. The absorption of 
sulfadiazine occurs much more slowly than either of the other drugs. 

6. A greater incidence of wound disruption in animals in which sulfa- 
thiazole was used suggests that this drug may have interfered with the 
healing of the wounds. 
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JIETIIOD OF STUDY 

Fifty-five dogs were used. The effect of sulanilamide, sulfathiazole and 
sulfadiazine placed in the peritoneal cavities was determined. It was noted 
prior to these experiments that when finely powdered crystals of sulfathiazole 
were poured into the peritoneal cavities of dogs, a part of the drug tended 
to become “walled-off” by the omentum into a mass or lump, which when 
removed was often quite hard, and when this occurred a part of this lump 
might remain for as long as four days. It was also noted that when very 
finely powdered drug was used this tendency to form lumps was more marked 
than when coarse crystals were used. When this occurred adhesions between 
loops of intestine were more apt to be found later. Attention has been 
directed to this by Throckmorton,'^ in a thorough study of the cellular re- 
sponse to various drugs in the peritoneal cavity of the albino rat 

The method of introduction of the drug was varied as follows : In one 
group finely powdered ci-ystals of the drug were scattered about over the 
loops of intestine. In a second group, the drug was suspended in about 
50 cc. of sterile distilled water, and this was poured through the wound among 
the loops of intestine. In the third group, a weighed amount of drug was 
moistened with distilled water and then allowed to dry. In this Avay a 
hard lump of the drug was formed. This was broken into four or five 
pieces and these lumps were placed among the loops of intestine. 

In all experiments 0.3 Gm. of drug per kilogram of body weight were used. 

The drug was introduced through a short right paramedian abdominal 
incision, under intravenous nembutal anesthesia. The oj^eration was per- 
formed under aseptic conditions- The omentum was delivered through the 
wound and the small bowel was carefully examined for the presence of ad- 
hesions. After the omentum was replaced in the abdominal cavity the wound 
was closed in layers with interrupted fine silk sutures. 

The abdomen was reopened at varying periods of time after the intro- 
duction of the drugs. In some instances this was done after the animal 
was sacrificed. In others a left paramedian incision was made under nem- 
butal anesthesia and under aseptic conditions, the entire intestinal tract 
was carefully examined and the incision closed. These animals were then 
examined again later. 

In none of the experiments included in this study was there any evi- 
dence of infection of the wound or the peritoneum postoperatively. 

The blood content of the drugs was determined at intervals of several 
hours after the original operation, by method of Bratton and Marshall.^' 

RESULTS 

Four animals were operated upon in which the intestines were examined 
but no drug was introduced. Later examination (5~J^4 days after operation) 
showed no adhesions or other evidences of inflammation- 
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Fig. 3. — E.xper. No. 40: Finely powdered sulfadiazine. Appearance 45 days after 
implantation of drug. 


Fig. 4. — Exper. No. 43 : Suspension of sulfadiazine. Appearance 33 days after 
operation. 
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The findings in the peritoneal cavities of the animals are summarized 
in Tables I, II and III. Tlie persistent evidence of peritoneal reaction was 
based upon the presence of adhesions existing between the omentum and 
the bowel, but adhesions between the scar of the wound of the abdominal wall 
and the omentum or the viscera were disregarded. The reaction was graded 
as follows : “Slight,” indicating the presence of from one to four narrow or 
filmy adhesions ; “moderate,” indicating the presence of several dense bands 
of adhesions; and “marked,” indicating widespread dense adhesions. 

There was evidence of peritoneal reaction in at least one animal in all - 
of the groups of experiments. The adhesions first noted after the use of 
fine crystals of sulfanilamide and sulfathiazole had disappeared when the ani- 
mals were examined later, with the possible exception of Exper. No. 27. 
This animal was sacrificed on the ninth postoperative day. In Exper. No. 7 
(sulfanilamide in suspension), the dog was sacrificed on the fourth day. 
It is probable that the two small adhesions noted there would have subse- 
quently disappeared. With the exception of this one experiment, no ad- 
hesions were noted after the use of sulfanilamide in suspension, whereas 
adhesions were present nine days after operation in three out of five animals 
used in the sulfathiazole suspension group, and these adhesions persisted in 
two animals for 31 days. 

When lumps of the drug were used the reaction was similar to that which 
is seen to occur about any foreign material. Moderate to marked adhesions 
were formed which persisted, but the reaction was less marked with sulfa- 
. nilamide than with the other drugs. 

Numerous adhesions occurred following the use of sulfadiazine in all 
three groups of experiments, but they appeared to be less marked when the 
suspension was used. 

When lumps were used, small portions of the drug were occasionally still 
present several days after they were introduced. Two small lumps of sulfa- 
thiazole were found in the center of a mass of adhesions 37 days after 
operation and a large mass of sulfadiazine was found 20 days after. 

The average blood levels of the drugs were computed for each group, and 
these average curves are shown in Charts i, 2 and 3. As might be expected, 
sulfanilamide was absorbed rapidly and remained in the blood stream for 
a shorter period of time than did the other drugs. A considerably higher 
concentration of the drug Avas obtained with sulfadiazine than with the other 
drugs. A correlation of absorption rate and the local evidences of reaction 
to the different drugs is possible, and it may be that the absence of severe 
reaction to the implantation of sulfanilamide is due to the ability of the 
animal to rapidly absorb and excrete the drug. Sulfadiazine might be ex- 
pected to be most beneficial in the treatment or prevention of infection be- 
cause of its slow absorption rate and persistent high local concentration. 

On the other hand, it produces evidence of considerable damage to the tissues, 
possibly by persisting longer as foreign material. 
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Chart 3. — Graphic representation of the effects of sulfonamide 
therapy on the blood concentration when applied in lumps. 


CONCL.ITSIONS 

1. Sulfanilamide, sulfathiazole and sulfadiazine may all produce adhesions 
within the peritoneal cavity of the dog under certain conditions. These 
adhesions may be persistent for long periods of time. 

2. Masses of the drugs are apt to become “walled-off” as a foreign body 
and be absorbed very slowly. 

3. Care should be taken to distribute the finely powdered drug evenly 
about the available surface of the peritoneum to avoid the formation of 
lumps. This may be easily accomplished by introducing the drug in a sus- 
pension of sterile water or saline. 

4. Sulfadiazine produces much greater local reaction than sulfanila- 
mide or sulfathiazole. 

5. The absorption of sulfadiazine from the peritoneal cavity occurs more 
slowly than does the absorption of sulfanilamide or sulfathiazole. 

REFERENCES 

1 Harbison, S. P., and Key, J. A. : Local Implantation of Sulfanilamide and its Deriv- 
atives in Wounds: Its Relation to Wound Healing and to Peritoneal Adhesions. 
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PREVENTION OF SHOCK AND DEATH BY 
IMMEDIATE APPLICATION OF A PRESSURE DRESSING TO 
THE SEVERELY FROZEN LIMBS OF DOGS 


AN EXPERIMENTAL STUDY 

Egbert H. Fell, M.D., and Russell Hanselman, M.D. 

Chicago, Ili,. 

FROM THE SURGICAL SERVICE, PRESBYTERIAN HOSPITAL, CHICAGO, ILL. 

The global war has produced many problems. The reports from the 
various fronts and civil life concerning the serious results following burns, 
freezing, and crush injuries of extremities have challenged many to further 
study. 

Various authors believe that the three injuries, although due to different 
causes, are followed by similar local and general reactions and, in the severe 



Fic. I. — Marked swelling- of frozen extremity occuired, including the paw. 


cases, local swelling soon takes place in a marked degree, often followed by 
shock and death. This study concerns the prevention of shock and death 
following a severe freezing injury to an extremity of dogs. Investigators 
have shown that severe freezing of a dog’s extremity is followed by extensive 
local swelling of the injured part, clinical shock, and death in most cases. 

/T O ^ 


[CKlIj 





Numb!A^'^ PRESSURE DRESSING TO FROZEN LEGS 

Taking this method of producing these fatal reactions we chose only one 
form of therapy. 

We have been convinced of the importance of pressure dressings for the 
burned patients and believe, as do AlleiW and Koch,^^ that it not only provides 
a clean, closed wound but minimizes, if properly applied, local swelling, 
hemoconcentration, and shock, which may result in death. In addition, we 
wished to study in this experiment the importance of immediate application 
of a smooth, firmly applied pressure dressing. We have been impressed with 



the lack of emphasis placed on the emergency care of the local injured part 
and the great attention to intravenous and drug therapy. Blalock'*’ •'* has 
shown that as much as two-thirds of the intravenous plasma administered 
to dogs with crushed extremities will be lost in or about the injur3^ Clinically 
and in the laboratory, shock and death usually follow the local swelling, and 
much debate has taken place as to whether this is due to local loss of fluids, 
toxic reaction, both, or a nervous mechanism. 

In our experiments, ten dogs were anesthetized with pentabarbital sodium, 
and maintained under light anesthesia for 10-12 hours. The right hind 
extremities were immersed to the upper third of the thigh in a mixture 
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of carbon dioxide snow and 95 per cent alcohol, at -55° C., for 20 minutes. 
Within two minutes the entire portion was frozen. Five of the dogs received 
no form of therapy, the legs being allowed to thaw out at room temperature. 

To the frozen hind legs of the other five dogs, two to three layers of sheet 
wadding were applied including the foot and toes, and over this was applied 













Pic. 2 . — Plaster encasement pressure dressing. 

smoothly and evenly a plaster encasement. An attempt was made to extend 
the encasement above the line of frozen tissue. 

All five of the untreated dogs developed clinical shock, four of them 
dying within 13 hours. All of the treated dogs lived, and the maximum 
increase in the hematocrit was only about one-half as great as in the 
untreated group. Expressed numerically, the average maximum increase 
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recovenes. The fifth dog had his leg amputated 48 hours after freezing, 
and likewise recovered. 

The plaster encasement of one of the treated dogs became loose, and 
on the third day it was removed. The leg became necrotic and required 
a disarticulation. The early removal of the pressure dressing brings up 
the problem of how long such dressings are necessary. 

Sir Thomas Lewis^ advises in the case of a frozen limb that its arteries 
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Graph 3. — Hematocrit curves of a typical experiment — treated and untreated animal. 


may be compressed until thawing is complete and the compressing then be 
gradually relaxed to allow the blood to return to the limb little by little. 
There is every reason to believe that limbs less severely frozen than those 
of our experimental animals can be saved if the compression is uniformly 
applied to digits and extended above the line of injury just as it is applied 
to the early burn or wringer injuries. 

Further studies are in progress regarding compression, burn, and less 
severe freezing injuries. Of importance, also, will be the study of com- 
pression dressings in cases of partially thawed out or edematous extremities 
associated with plasma or serum therapy. 
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THE BLOOD CIRCULATION IN PEDICLE FLAPS* 

AN ACCURATE TEST FOR DETERMINING ITS EFFICIENCY 

Beverly Douglas, M.D., and Ransom R. Buchholz, M.D. 

Nashville, Texx. 

FROM THE DEPARTMENT OF SURGERY, VANDERBILT IWIVERSITY SCHOOL OF MEDICINE. NASHVILLE. TENN. 

While the nerve supply and reorientation of sensation is important in 
pedicle flaps it does not compare in importance with their blood circulation, 
an adequate degree of which is vital. A flap can be very useful without 
sensation but without blood supply its tissues cannot suiwive for more than 
a few hours. 

Realizing the importance of the problem of blood supply in pedicle flaps 
which, in the course of reconstructive work, one is frequently called upon 
to use, we have studied several of the factors which have a bearing on de- 
termining the optimum time of transplanting the ends of flaps. 

Dr. John Staige Davis defines a pedunculated or pedicle flap as_“a.mass 
of tissue', usually the skin and subcutaneous fat, which is raised from its 
bed but is left attached to the surrounding skin at a selected portion of 'its 
periphery.” This is the sense in which we shall use the term, except that 
we should like to qualify it by saying that the pedunculated or pedicle flaps 
used in most of our experiments have been delayed pedicle flaps, i.e., they 
have consisted of tubes or ropes of skin usually attached at both but some- 
times only at one end, as shown in the accompanying illustrations. 

We do not include in this report the special type of pedicle flap which 
contains a main artery and vein in a narrow pedicle, since in these the circula- 
tion is greatly enhanced over that of the ordinary flap in common use in 
, plastic procedures. 

On the other hand, we have been careful, as far as possible, in designing 
flaps to follow the direction of, rather than to cut across the normal course 
of the arteries and veins, and not to cut across the midline of the body. 

It is our impression that the chief factors in the rapid “take” of flaps, 
by which we mean the ability of the flap tissue to survive the division of 
the pedicle for purposes of reattachment or shifting, is the development of 
(i) new vascular connections in the pedicle bed; and (2) progressive de- 
velopment of collateral connections in the direction of the long axis of 
the flap. 

Since in this discussion we shall frequently employ the terms “pedicle 
skin flap” and “skin graft” we feel it advisable to state the difference in 
these two useful but very dissimilar forms of transplant. A skin graft is a 
portion of skin of variable thickness, without fat, which is cut entirely free 
and placed on a new site from which it must derive its nutrition in order 
to attach itself, develop its circulation, and survive. A pedicle flap or 

* Read before the Nashville Surgical Society, March 13, 1942, Nashville, Term. 
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The bearing of the reduction of time and discomfort upon the choice of 
reconstruction methods as well as upon the economy to all concerned needs 
no further elaboration. 

Recently, one of us succeeded in shifting a flap successfully from the 
abdomen to the wrist in nine days (Fig. i). In this patient’s case three 
shifts were accomplished in a total of 35 days, without loss of tissue. 



Fig. I. — Pedicle tube flap, shifted at brief intervals from 
abdomen to wrist to orbit. 


Previous to this, like most workers in this field, we had depended upon 
clinical reports in making up our minds as to the proper time to shift the 
pedicles of flaps. 

Fomon’s text^ gives the opinions of many authors on this point of the 
earliest safe time at which to shift a flap. One author advises “cutting the 
pedicle 10-14 days after operation.” Another says simply: “Reconstruc- 
tion by means of tubed flaps are carried out in stages at inteiwals of three 

694 


"'eeks.” A Iff ppy.. 

Pedkh sayj . ° speaking- of o ® 

^ “f^Wished in '’«J' be aL j": “'“"d aiage on 

;s ?f~4-r ^ t. ?» 

r- » -X-r-' 

^ transfer i ^ ^^^^nths ehn ^tithors ari • 

°"’‘'’g methods: '"' ^°™«tiop on tfeaM " P'=dicie‘'fn^fg™"«^essa.y 

to/ divided n ^donien of doo-g ^econ.es 

^ r,: r afien a„ ■ ^ """ 

^ rJsf oPeaed seen fo of 

T el ;r-rr ^■'"•ded ,on ’^^‘’'°"'”'^'- 

a feiv fi, 1“”'' d«t flans ? '"'"«Hon. “’' «udy after van, • 

O'' Wood-fiiied vesseT „,., -ionj Poriods 

, 24 fionr ®ois crossing at E , '’^d after tfie; , 

^roiii the^; ^daractei- 3,., diidinp-s nf <i 

""PPiy in t f tl ' or ^ 

"Ff Tr^ "'ood' 

■ n, crease i„ ^^otors; adequate blood snn , " ' 

3 ^ '"oaease in Z *= vessels '’PP'^ved 

^■vHjsr -'S^sEss* 

605 "°''“ '>oW for fi„,„^,^ 



DOUGLAS AND BUCHHOLZ 


Annals of Surgeri’ 
May. 1943 


flaps, as they do for those of dogs, and they showed a human case in which 
the division of a short pedicle flap from the arm to the cheek was begun 
on the tenth day and completed on the eleventh day, Avithout loss of tissue. 

The work of these authors is excellent in quality and gives one an 
interesting and valuable picture of tlie rearrangement of blood vessels 
which takes place in a tubed flap at different stages, but we do not feel 
that on grounds purely histologic, they are justified in concluding, without 
actually transferring the ends of their flaps, that a seven-day period is 
sufficient for the development of a blood supply adequate for the transfer of 
one end, nor do we feel that their implication that the earliest time for 
safely beginning the transfer of the ends of tubed skin flaps in humans 
is probably the seventh or eighth day is necessarily justified on the basis 
of dog experiments alone. In dogs many factors which influence healing 
may differ from those in humans. For example, in dogs the normal basal 
metabolic rate per unit body surface is higher than in humans. 

During the past two years we have sought on physiologic grounds to 
study the development of the circulation in tubed skin flaps in dogs and in 
humans with a view to the establishment of a test or tests for the accurate 
quantitative study of circulatory adequacy and, hence, to the determination 
of an optimum time for transfer of one end of the flap to a new location. 
Only through such means do we feel that an early transfer can be safely 
made. 


EXPERIiAIENTAL STUDIES 

For convenience our experiments are divided into four -types, in all of 
which the same kinds of tube pedicle flaps were used. 

Formation of Flaps . — Dogs weighing between 7 and 12 Kg. were used. 
The abdomen and anterior and lateral thorax were shaved. Employing nem- 
butal anesthesia, two straight parallel incisions were made longitudinally, 
Avhich extended approximately from a point three inches from the end of 
the anterior axillary fold to one or Uvo inches superior to the fold of the 
groin. The skin and subcutaneous fat down to the superficial fascia were 
undermined and lifted between these incisions, and the edges of the skin 
so lifted were approximated with a single layer of sutures to form a tube 
flap. The ends were left attached to their beds, respectively. The two raw 
edges of abdominal skin remaining were undermined by spreading scissor 
points apart at the same depth. They Avere then approximated by a roAv of 
silk sutures in the subcutaneous tissue and another through the skin edges. 
The tube flaps so formed resembled a suitcase handle and their circum- 
ference was one-fourth to one-fifth as great as their length. 

SERIES I — BLOOD PRESSURE EXPERIMENTS 

The purpose of the several experiments in this series Avas to determine 
the systolic blood pressure present in the pedicle of the flaps at different 
intervals after their formation. 
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and lowei poitions of the skin of the flaps and the skin on each side adjacent 
to that of which the flaps were formed. Ten determinations were made at 
each site. Results of measurements are shown in Figure 4. 

Figures up to six days show only'slight differences in the rates of growth 


COMPARATIVE RATES OF GROWTH OF HAIR 
ON SINGLE PEDICLE TUBE FLAP AND ADJACENT SKIN 

DOG L6 



X///A AV. LENGTH OF HAIRS AT SAME LEVELS ON ADJACENT SKIN 


Fig. 4. 

on flap and corresponding abdominal skin origin, the edges of which have 
been undermined and sutured under slight tension. 

Dog 61 : Determinations on a single pedicle flap formed by division of one end of a double flap 
(made 23 days before) show that between the seventh and tenth days there are marked differences 
in growth rates at points on the flap and the corresponding abdominal skin. The hair on the flap 
is only 68 per cent as long as that on the abdomen. 

Dog L. 6: Single pedicle. Lower end attached by strand of tissue. Definite differences after 
six days. Average length of hair in flap is 72 per cent of that of the adjacent abdominal skin. 
Also, after 13 days it is 56 per cent and after 33 days it is 78 per cent of that of the .adjacent skin. 

Conclusions. — From our records we conclude that the growth of hair on 
double pedicle flaps recently formed is only slightly retarded in comparison 
with that on adjacent points on the abdominal skin from which the flaps 
are formed. Likewise, our results on single pedicle tube flaps show that the 
growth of hair on a blind ended flap is definitely retarded during the first and 
second six-day periods and that after a month the rate of growth is still 
somewhat retarded in comparison to that of the hair on the adjacent skin. 
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■Normal temperature curve on pedicle flap. Dog 28 — 2 
A — Both tourniquets on. B — Both tourniquets off. 



Fig. 6. — Temperature curves on pedicle flap. 

Dog 67 — Three days postoperative. Dog 67 — Seven days postoperative. 

A — Both tourniquets on. A — Upper tourniquet on. 

B — Lower tourniquet off. B — Upper tourniquet off. 

C — Upper tourniquet off. D — Lower tourniquet on. 

B — Lower tourniquet off. 


Conchisions. — i. Employing the Brooks’ thermocouple technic to pedicle 
flaps normal temperature return curves were established for pedicle flaps 
which had been formed for periods of time over two weeks. 

2. Flaps tested earlier show a progressive increase in circulatory efficiency. 
Sluggish at one hour, it is slightly better at three and one-half hours, and 
by the sixth to the seventh day is excellent. 

3. Infection seems to retard the return of temperature. This subject 
needs further study. 
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I'ic. 8. — Temperature curves on pedicle flap at various postoperative intervals, 


A — Both tourniquets on. 

B — Lower tourniquet off. 
C — Upper tourniquet off. 


A — Both tourniquets on. 
B — Lower tourniquet off. 
L' — Both tourniquets off. 
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4. When a special tourniquet is applied to a flap by quadrants of the 
tube the efficiency of the circulation appears to be affected in direct ratio 
to the number of quadrants occluded. 



Fig. 9 . — Temperature curves on pedicle flap. A — Both tourniquets on. B — Upper tourniquet off. 
A — Both tourniquets on. C — Lower tourniquet off. 


SERIES IV — EXPERIMENTS ON SURVIVAL AFTER TRANSPLANTATION AT VARYING 

TIME INTERVALS 

The purpose of this series of experiments was to determine the earliest 
safe times after formation of pedicle flaps, in dogs and humans, at which 
first one end and then the other may be shifted to other sites without 
jeopardizing the complete viability of the flap. Obviously, in general, the 
greater the lengths of the flaps in proportion to their widths the less safely 
can transfers be made, but since all of our flaps were three to five times as 
long as broad there is little variation in this respect. 

We feel that it is fundamentally important to find out in how short a 
time a whole flap, i.e., both ends may be safely shifted in two stages, one end 
at a stage, since during this procedure not only must the vessels derive 
new vascular connections at both ends but the pressure must be sufficient 
to establish a circulation throughout the entire length of the flap while it is 
entirely “parasitic,” if we may use this word in a topographic or locational 
sense only. Although this series is not yet completed several studies have 
already been made of which the following are typical : 

Dog 67 : Pedicle flap of abdomen bad been formed for ten months. Circulation in one end 
tested with thermocouple needle and found to be good (Fig. 9)- Five days later, when temperature 
curve showed sluggish circulation through the transplanted end, the opposite end was transplanted. 
The latter end became gangrenous and pulled away from its attachment four days after the second 
operation. 

Dog 14 : This dog had had his flap made a year before. After testing, one end was replanted 
or shifted on 1-26-42. A test on 2-2-42, or nine days after the former shift, showed adequate circula- 
tion through the transplanted end. The opposite end was ne-xt shifted. Except for a small spot of 
ulceration at the outer angle of the suture line and a superficial one on the outer surface of the flap, 
both of which were negligible, the entire flap survived. .'A test seven days later showed very adequate 
circulation through both ends. 


704 


XoJlime Ijr 
dumber 5 ‘ 

*--'V fedlT'r'^-^-'Tfcee 

Ca«No 'vlioffl 

3 "^^'"" 'a. £ m tCf? were 

?'': "’"e C't!?'’."''3;ct °f H>e of or6ft. ,,, 


, Ca.e upo„ 

- -n- ::: 

•’■' “•- ~ ~ "■ »“•:■•'“ 2"“ •' -~» ., 

"'='or-iacte, ov„ '“.Were 

"/rr'^ofeap ^ e„, ,: 

0---<0 aystojVrf VstoKe sf mm.' f '““ef- 

“‘“'■o '"ood^re«„„^- M-a5 n,„. // 

' *''rm,ned a s 

‘ i, 36. . . "’^“'’■''.'o^a. 

Of t/ie ,«„. .. -^onn;? _ 


bJood ,p;; : 55-35 Z y 

rjg-ht cb^i^°' ^-—-J. X *^^^orm]ned at 

cerlVaf l^uri 

on 3,20 ^og^ioij 7-1 ^ mouth ^ cour 

forZ7 of , 

‘F-"i 

f" ‘'S tf-"- .:■-*= s.'= T“- « . » 

AccnZ ^o) Ti ^ade o„ ,/ ^fure i„i, ^^^acbed bpf„ Portjon of 

■" - ^ £7 - 

5fcfS^:r 

teetr'’"' '-'3e «a ^ 

iZZ 3 ., 

''®’>onstrafe/e"'"' “ade 6,, 7" "'hose douM '”°""'®- ^ '"'‘er 

■"? 'r -?r “■ - «:rr» ^ 

» a;47/'“-fe Of . ‘° '>' «3e ea.se 

prov;/^ ‘'“'■a’ocoopJr^''^” *ys of "^'"'a«on, 

^'’’en days ““essfui. £ j "^afure test sh^'^ a flap „, 

”* °f tte flap a„ adeLfe ^'*e'e 

-..ar::s 


705 



DOUGLAS AND BUCHHOLZ 


Annals ot Surscry 




Fig. 10. — Efficiency of circulation through each pedicle of human flap determined bj 
temperature-return test.” Needle inserted: tourniquets applied. 
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Fig. II. — Temperature curve on human pedicle nap. Patient L. ^i. 24 days post 
operative. A — Both tourniquets on. B — Lip end off. C — Nose end off. 
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DOUGLAS AND BUCHHOLZ 


Annals nf Surgers 
a j , 19 4 3 


To give an example in the very first tested case (a boy, age 12), we have 
been able to transfer skin from the abdomen via the wrist to the orbit in a 
total of 35 days, an average of ii^ days per stage. One of the intervals was 
nine days. In none was partial division of the pedicle practiced, as advocated 
by German, and his coworkers. If we followed ordinary textbook rules, this 
transfer would have taken 55 to 63 days, at the very minimum. By following 
indications of the findings afforded us by the “temperature-return test” as 
we call it, we have been able to transfer successfully, oa a dog, an entire flap 
of skin eight inches long, so that both ends were reattached in new beds in 
a period of nine days. More recently, we have succeeded in transferring 



Fic. 12 , — Kapid transfer of tissue in pedicle flap on doK. Upper end shifted seven 
days after transplanting lower end. Thermocouple test showed adequate circulation 
befoie each shift. No loss of flap tissue occurred. 


a flap one and three-fourths by seven inches, on a dog, from one location to 
another, the two ends being shifted seven days apart, without the slightest 
ulceration or tissue loss (Fig. 12). 

In these two experiments, before transfer of the ends, the “temperature- 
return test” showed an adequate flow of blood. It is interesting to note that 
these flaps must be thought of as “autoparasites” since all of their tissue 
was completely shifted in such short times. Since the vessels in the second 
were obviously connected, and the blood flowing freely from one end to 
another in the brief period of seven days, it is probable that the vessels con- 
nected up before the process of fibroplasia of the tissues was complete. It 

708 



tljQ 




^hat 

to ti-a/T'^^^^ in 5*®'” w 

test'> ! ^^conrt of 3 ^^^oijjQ 

"■dical!'"' ^'-e ^ °"’«'- fla. 

;,.! p««e‘:!‘= c,i,?e. 


TA 

«>d Of 


.. . 
^hA_p 

a^c/ol?^^ a^f/2, 


°^^/2 

^eru 


"'ith „.r' f}'Ily a/;. 


/n 

'O'- V;, 


Podtfe 

V/j 


" e '^"-?;7''e.W,;;Xr'e. — - .o ,, 


tein 


'ifer 
'Pera, 


A', 


^oiibjQ 


ha 


■Ps 


Bl 


^oeth, 


e 

'« C'' “'">e ^"ocea^O^e ' '''O" 
«,ej, ^y %fo7'’’''''V «, 

"«-6a,.„. «>e;,. .,:/«!')■ « ,„„'o 6rac;,yg/ t«a„e. 


OOLlld 

^'^'as 
Pera_ 


ood 


point 


^aijQQ 


4 A the cir 

^^0;7 ;.. test'’ ul'^^t)oks’ 


mod 




to 00 


f/7e 


^f^/->ec/ he^ 


th 


o.„, 
'’'Oe/cs 


a, '*>0 

"-'o-c/. 5 Po, 

fo r>=.„ . 




^ fo f/,,. 

hete/'y^’^ate., c/;s. 


A’o/j 


:« o/rc„fe,^o,e„ 'O' 

;;a-,/, '^^torv Qr* 


Aj ^s and h, AAs/je(;/ BedicjQ 


A^era. 

'ouJa. 


1^7 Vp „ 

■ ®- Ejy^i 

'ncf/ca,„ .'*„ce 


e/j 


Cijr 


'"es 


fee/ ,...to A;7f 


"^^■fA ep/;. 

^oyenti f,- 

0® cfay ,'/ ''on? 

" ''Offa, 


fo 


^at\>- 


•>' det 


"O'd di 




^ys. 


Aij 




^p So 


'O'- t7i»^* 'o Sav 


OS-i’c 


fes( ,■„ ."“oian 


^'"Oo-aa;:>ofa„ce:t-»'ed 


^°‘''>a»,„,^ _ -“'00? 

2 r, 

, >of g4,^0>«, b ' 1°^ Q,4't'*r.o„_ 


''^’ B. t,,- 


s.. A., 


the 

Az; 
f72 / 

yitij 

‘-'dj 

O'' Hds ? ."’oonf 

•« A07;jf . 

m'njh.^., ^ Ob 


Of , 

■P toy 0"c«,a_ 


o°«Wet, 


"""*'’4a&tL''^'Peaas 


e/j. 


sa/ef 


^777^ 

'vee,. 


a, , '§• f/7e ^• 

’ • hep..- ^ on 


*0 d - POtot 


to 
oin 

oces- 


B 


moks 

tre. 


TC.- 


is y.'p’i 

oed 3 y'oits. 


'r. n- ^TJi<t 
Joi]j. 


op 


Uc/y 


o ' ^na pi JoijT- of pr 

^'O- w/-s.:4/oap,^^ onno,, 

W V-. as '^dt. 


fio,„--»'o* 

■^“'"' W'’'""'- °f O 

' 3i6. 


709 




7ses 


of 


th 


' 2 / r 

" OacJ, '0«- 


az/on 


A.v. 



pi<:rforated peptic ui-cer='= 

Fkancis X. TnioNEY, M,D. 

Ni:\r York, N. Y. 

FROM ST. Vincent's iiospitai., first and second surgical divisions, george r. stuart, director, 
1ST surgical division; RAYMOND F. SULLIVAN, M.D,, DIRECTOR, 2ND SURGICAL DIVTSION; NEW YORK, N. Y. 

The subject of perforated peptic ulcer merits discussion. The condition 
is prevalent in hospitals that have busy emergency services, of which St. 
Vincent’s Hospital is an example. The high mortality reported by various 
authors throughout the countiy attest to the seriousness of this condition. 
Because of this, the cases occurring at .St. Vincent’s Hospital within the 
past eight years have been studied. Most of these cases have been operated 
upon by the younger members of the Attending Staff and by House and 
Resident Surgeons under their supervision. Two hundred fifty -four cases 
have been studied. In studying the charts of these patients observations of 
interest were made. Four patients perforated on the ward while undergoing 
medical treatment for ulcer. Another patient perforated in a physician’s office 
while undergoing a gastric lavage. Several perforated while carrying a 
heaA^)^ load or doing strenuous work. This is in accordance with observations 
made by McCreery.'* Others perforated while drinking beer or highballs. 

The accuracy of the clinical diagnosis of perforated peptic ulcer is high, 
as shown by the following statement: Diagnosis: Correct in 238 operated 
cases ; incorrect in eight operated cases ; incorrect in two cases, proved 
by autopsy. 

The following is a list of the incorrectly diagnosed cases : 

1. Bleeding ulcer — autopsy showed unrecognized peritonitis due to rup- 
tured ulcer. 

2. Acute appendicitis. 

3. Acute appendicitis. 

4. Acute appendicitis. 

5. Acute appendicitis. 

6. Acute appendicitis— died 12 days postoperatively of hemorrhage from 
ulcer which had ruptured. 

7. Acute hemorrhagic pancreatitis — no operation performed due to ex- 
treme secondary shock. Autopsy revealed generalized peritonitis due to 
ruptured duodenal ulcer. 

8. Acute cholecystitis — At operation, chronically inflamed gallbladder 
was removed and perforated ulcer repaired. 

9. Strangulated hernia. 

10. Patient perforated twice, and gastric perforation was repaired each 
time. At time of second perforation, biopsy from ulcer showed inflammator)' 

* Read before the New York Academy of Medicine, Surgical Section, Novem- 
ber 6. 1942. 
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FRANCIS X. TIMONEY 


Annals of Surgerj 
M a } , 18 4 3 


Table II 

AIORTALITY STATISTICS 


Autlior 

Berson, H. L. . . 

Davidson, T. C., and Rudder, 1'. F. . 
DeBakey, M., and Odum, C. B. . . . 
Donald, D. C., and Barkett, S. M, 
Eliason, E. L., and Thigpen, G. M. 

Fallis, L. S 

Years 1917-26—62 5% 

Years 1926-36—11 9% 

Graham, R. R 

McCreery, J. A. . 

Martz, H., and Foote, M. II. 

Parker, E. F. . . . 

Marshall, S. F., and Kelehcr, P. C.. . 
O'Donoghue, J. B., and Jacobs, M. B. 
Read, J. C. . 

Ross, A., and Letourneau, C. 

Ross, J. C. .... 

Sangstcr, A. II. 

Thompson, H. L. . ... 


Total Cases 

Mortality 

151 

15.2% 

155 

28% 

211 

17 3% 

116 

18.5% 

70 

21.43% 

100 

20% 


51 

1 .96% 

170 

20 5% 

50 

26% 

52 

27% 

46 

13% 

200 

24.5% 

100 

30% 

220 

17.7% 

175 

16% 

100 

23% 

424 

28.7% 


Nevertheless, Graham sets an example which all should strive to follow. Due 
to the activity of the ambulance seiwice most patients were brought early 
to hospital. 


The tables of total cases and duration of s}unptoms follow: 


HOURS - 


To 6 Hours 6-12 Hours 12-24 Hours Over 24 Hours 

158 SO 15 17 

62 2% 19 6% S.9% 6.6% 

Total cases stated 240 

Duration of symptoms not stated 14 

Total 254 


Not Stated 
14 


Under 6 Hours 
17 

10 . 8 % 


DURATION OF SYMPTOMS IN 48 FATAL CASES 


6-12 Hours 
11 

22.4% 


12-24 Hours 
6 

40% 


Over 24 Hours 
6 

35% 


Not Stated 
8 


We have tried to present the general picture of perforated peptic ulcer 
as occurring during the past eight years. With the advent of intraperitoneal 
use of sulfanilamide, we noted improvement and better results in our cases. 
Our Staff has not changed materially during the last eight years. We felt 
that the improvement noted in our results might possibly be due to in- 
creased knowledge, experience, and technical skill on the part of the Attend- 
ing Staff. Accordingly, the last 50 consecutive cases, before those in which 
sulfanilamide has been used, were analysed. These are compared with those 
in which sulfanilamide was used in the peritoneal cavity. The following 
tables show the results : 
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FRANCIS X. TIMONEY 


j\iiii:il5 of Hlirgcry 
a y , 1 0 J a 


10. Male, age 58, tliree hours symptoms, had advanced peritonitis and 
died on the operating table. Operator believed that perforation must have 
occurred before the stated tinie. 

11. Male, age 39, four hours symptoms, died three days postoperatively of 
delirium tremens. 

12. Male, age 29, ten hours symptoms, died five days postoperatively 
of delirium tremens. 

In reviewing these 12 postopei-ative deaths, we see that infection con- 
tributed directly to the fatal outcome, in the four cases of death, by generalized 
peritonitis, and in the five cases of fatal pulmonaiy complications. Infection 
might well have been present in the two fatal cases of delirium tremens. 
We believe that if there had been a local intraperitoneal use of sulfanilamide 
in the above stated cases, infection would have been controlled, lessened, or 
prevented. 

• Unfortunately, this represents a serious group of cases. Eight patients 
were 50 years of age or over, and two suffered from chronic alcoholism, 
and finally succumbed from delirium tremens. 

We compare this with 49 cases of perforated peptic ulcer, ti'eated con- 
secutively, with the intraperitoneal use of sulfanilamide. In addition, each 
patient had a small amount of sulfanilamide placed in the wound. 

Cases treated with intraperitoneal use of sulfanilamide : Total number, 
49. Deaths, 2. Recoveries, 47. 

Resume of fatal cases treated with intraperitoneal use of sulfanilamide: 

1. No. 26317, female, duration of symptoms six hours, age 31. W.B.C. 
7100, 52 per cent polys. Findings at operation — perforated gastric ulcer, with 
marked peritoneal reaction. Procedure : Closure and drainage. Died one 
day after operation. Autopsy showed generalized i^eritonitis. 

2. No. 28423, male, age 63, admitted to hospital with symptoms of 
abdominal pain and tenderness in R.L.Q., of six hours duration. W.B.C. 
6750, 74 per cent polys. Admission diagnosis was “gastro-enteritis” but 
“patient should be observed for possible acute appendicitis.” Twelve hours 
later, rigidity developed, and diagnosis of ruptured ulcer was made. He was 
operated upon more than 18 hours after onset of symptoms. Procedure: 
Closure and drainage. Died on third postoperative day, with chest signs 
of postoperative pneumonia. No autopsy obtained. In this case an early 
diagnosis was missed. 

Of these 49 cases treated locally with sulfanilamide, 22 were drained 
and 27 were not drained. From this, we are unable to di'aw any conclusion 
as to the effect of drainage when sulfanilamide is used locally. 

In the total 246 cases operated upon, wound infections were noted on the 
charts in 63 instances, an incidence of 25.6 per cent: Total cases operated 
upon, 246. Wound infections, 63. Incidence of wound infection 25.6 
per cent. 
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incidence of 25.6 per cent. In the 49 cases treated with intraperitoneal 
implantation of sulfanilamide there were four wound infections, an incidence 
of eight per cent. The importance of the preoperative use of Wangensteen 
suction is emphasized. 

CONCLUSIONS 

The implantation of powdered sulfanilamide in the peritoneal cavity and 
in the wound is indicated in the surgical treatment of perforated peptic ulcer. 
It is an effective agent in reducing mortality and lessening the occurrence of 
postoperative infection of wounds. 
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ATRESIA OF THE DUODENUAI 

A CASE SUCCESSFULLY TREATED BY DUODENODUODENOSTO.MY 

Charles S. Ward, Jr. M.D., and Frederick W. Cooper, Jr. M.D. 

Atlanta, Ga. 

FROM TUn DEPARTMKNT OF SURGERY. EMORY UNIVERSITY, ATLANTA, GA. 

Complete conoenital atresia of a segment of the small intestine is 
a fatal condition unless the patient is operated upon early. Since the first 
case of congenital atresia of the duodenum successfully treated by operation 
was reported by Ernst, ^ in 1916, many reports have appeared in the literature. 
However, only 14 patients with a complete atresia of the duodenum have 
survived. For this reason, the following case is added to the list of successful 
anastomoses. 



Fig. I. — Barium study of stomach showing markedly dilated 
stomach and duodenum. 

Case Report. — The patient was a 3.08-kilogram newborn female who, upon ex- 
amination at birth, revealed no abnormalities. Breast feedings and dextrose water by 
mouth were begun six hours after birth. Meconium was normal in appearance. When 
36 hours old the patient began to vomit dark brown viscid material, and upper abdom-* 
inal distension, without visible peristalsis, appeared. Her appetite continued unimpaired. 
A plain film of the abdomen revealed a greatly dilated stomach but no gas in the 
small intestine. Barium administered by mouth was found to fill the stomach and 
proximal duodenum, but none passed beyond the obstructed point (Fig. i). A barium 
enema showed the position of the colon to be normal. Clinical Diagnosis: Congenital 
obstruction of the duodenum. To combat the dehydration, a constant intravenous drip 
of dextrose and plasma was begun immediately. The contents of the stomach were 
aspirated through a small rubber catheter. 
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Discussion. — The fourteen successfully treated cases of proven complete 
obstruction of the duodenum are detailed in Table I, together with the site 
of obstruction and the type of operation performed. It is generally agreed 
that if the occlusion of the duodenum is above the papilla of Vater a gastro- 
enterostomy is the least formidable procedure. However, if the atresia is 
below the papilla of Vater, a duodeno-enterostomy should be performed, for 
it is readily apparent that here a gastro-enterostomy would necessitate a reflux 
of bile and pancreatic secretions back through the pylorus into the stomach. 
If the pylorus does not readily permit this reflux, gangrene and perforation 
of the blind pouch may occur. The entire small bowel should be inspected 
at the time of operation because of the frequency of multiple anomalies of 
the intestine. 

Probably in no brancli of 
surgery is the pre- and post- 
operative management of the 
patient so important as in these 
cases. A recent article, by 
M a r i s , McGuinness, Lee. 
Rhoads, and Lee,^** advocates 
the use of a metal-tipped gas- 
troduodenal tube in cases of 
duodenal obstruction. Its 
greatest usage should be at the 
time of exploration in eliminat- 
ing the possibility of terminat- 
ing an operation before the 
lumen is patent. Frequently 
the distal bowel does not dis- 
tend following the release of 
an obstruction enough to elim- 
inate the possiliility of a second 
obstructing point. If the metal- 
tipped tube is passed into the 
first portion of the jejunum at 
the time of operation, consid- 
erable postoperative difficulty 
may be avoided. The degree 
of the patient’s hydration should be carefully watched, and free use of 
plasma and blood should be made as indicated by the plasma protein and 
hematocrit determinations. 

The diagnosis should be established as early as possible and operative 
intervention for the reestablishment of the continuity of the bowel delayed 
only for purposes of obtaining a better operative risk through hydration and 
transfusion of the patient. 

Frequent aspiration of the contents of the stomach during the immediate 
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From November fifth on, jaundice increased and stools were acholic. Weight re- 
mained 2500-2600 Gm. Bill on was started on November 6, 3941. Operative intervention 
was urged, hoping that the anomaly of the bile ducts could be remedied. The baby 
continued to have acholic sfools, but did not bleed. 

Opaatiov . — November 26, 194^' Choledochoduodenostomy. Under open ether anes- 
thesia, the abdomen was opened through an upper right rectus incision, splitting the rectus 
muscle. The liver itself was found to be considerably enlarged, extending approximately 
two fingers’ breadth below the costal margin. The gallbladder appeared normal and 
tense. The common and cystic ducts were dilated. The common duct ended in a blind 



Tig I — Roentgenogram showing catheter in common duct and 
duodenum 


point as it passed behind the duodenum. The condition representing a congenital atresia of 
the bile duct at its entrance to the duodenum. It was decided to perform a choledocho- 
duodenostomy. A seiies of Deknatel “D” sutures were placed from the duodenum to a 
point in the common duct just above its tapering point, where a transverse incision 
was made in the common duct This exposed its lumen. A No. 10 F. catheter, about two 
centimeters long, was then inserted into the common duct. Bile flowed from the open 
end of the tube. The sutures placed posteriorly were tied. A corresponding incision 
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Clinical Laboratory Reports 

11/D 11/25 12/2 12/8 12/10 

.. . . 22.400 

20.560 16,000 16,200 13.100 9500 

R.B.C 

S 25 

55 4 92 4 33 

lib 

103% 

107% 97 4% 80% 84.4% 78% 

Special Laboratory Reports 

Specimen 

Date 

Report 

Stool 

. 10/30 

Occult blood — positive 

Blood . . 

. 10/30 

Ilb— 97.4% R.B.C.— 5.18 W.B.C.— 9850 

Stool-ciilluic 

11/1 

Culture-abundant growth B coh 

Urine. . 

11/5 

Bile — positive. Alb. — heavy tr. Sugar — iieg. Reaction— neutral 

Microscopic — large no. bacteria, few pus and epith. cells, mod. amt. amor- 
phous urates. 

Occult blood — neg. 

Stool 

. 11/5 

Clay-colored, soft, unformed. Occult blood — very slightly positive. Hydro- 
bilirubin — neg 

Blood . . 

. 11/25 

Bleeding time— 11^ min. Clotting time 4 min. Hb— 97.4%, R.B.C.— 4.88 
W.B.C.— 10,900 Polys— 28%. Lymphs— 48%. Mons— 6%, Eosin— 18%; 
R.B.C. show slight variation in size. Platelets appear normal. 

Stool 

. 12/1 

Occult Blood — positive. 

Stool . . 

. 12/2 

Bilirubin — neg. 

Stool 

. 12/2 

Light colored, yellowish, soft, unformed. Presence of bile — negative. 

Stool 

12/1 

Light colored, yellowish, soft, formed. Bilirubin, negative. 

Stool . 

12/2 

Ilydrobilirubin. negative. Occult blood, pos. 

Stool 

12/3 

Hydrobilirubin, negative. 

Blood . 

12/11 

Polys — 31%, lymphs — 64%. mono — 3%. eosin — 2%. Nucleated red cells — 1 
R.B.C. show variation in shape. Few R.B.C. show basophilic stippling. 
Lymphs appear atypical. Platelets appear normal. 

Stool . . . 

. 12/9 

Yellow, soft, formed, unaltered bilirubin. 

Stool . 

12/10 

Yellow, soft, unformed, unaltered bilirubin. 

Stool 

. 12/12 

Yellow, soft, formed. Very slightly positive for unaltered bilirubin (bih- 
verdin). 


5 . Obstructive jaundice from inspissated bile or mucus may give a picture 
indistinguishable from atresia, and may require surgery for relief. There 
may or may not be normal stools in the beginning as this depends on when 
the duct becomes occluded. 

Even in cases of atresia, jaundice may not be evident until a few weeks 
after birth, as is reported in a case by Feldman and Lawson.® This infant 
died, age 12 weeks, weighing eight pounds. Jaundice was first noticed three 
weeks after birth. Postmortem examination revealed no gallbladder or cystic 
duct. The two small, thick hepatic ducts were present but no connection 
was found with the duodenum. 

Watkins and 'Wright,'* in reporting their binovular twin that developed 
jaundice six or seven days after birth, with normal stools the first few days, 
later becoming pale; stated: “The absence of jaundice at birth and the pres- 
ence of normal meconium during the first few days have been regarded as 
implying that the biliary tract in such cases is at least partially patent at birth. 
It should be pointed out, however, that bile pigment is not present in the 
biliary secretions until the fifth or sixth month of fetal life (Ylppo), and 
from then until birth only in small amounts. After birth, bile is produced 
in larger quantity, but should its flow be obstructed by impervious ducts, 
jaundice gradually develops. In other words, the delayed onset of the jaundice 
coincides with the much augmented production of bile in the first few days 
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CYST OF THE AMPULLA OF VATER 

CASE REPORT 

Barney Brooks, M.D., and Albert Weinstein, M.D. 

N^\siivili,c, Tlnx. 

FROM THE DEPARTMENTS OF SURGERY AND MEDICINE, VANDERBILT UNIVERSITY, NASHVILLE, TENN. 

Case Report. — Vanderbilt University Hospital No. 119392: A white male, age 30, 
was admitted to the hospital, February 2, 1942, because of repeated attacks of abdominal 
pain accompanied by nausea, vomiting and possibly jaundice. Although the patient 
emphasized the symptoms which had been present for the past year, he was able to 
give a detailed account of an illness occurring at the age of 15, characterized by 
severe epigastric pain and tenderness, nausea and vomiting, of a sufficient intensity 
to lead a physician to make a diagnosis of acute cholecystitis, perform of celiotomy 
and place a drainage tube in the gallbladder. Following the removal of this tube, 
the patient made an uninterrupted recovery and considered himself well until he was 
26 years old, at which time he began to suffer from hemorrhoids, for which an operation 
was performed in February, 1941. 

Approximately one month after this operation the patient had an attack of pain, 
deeply boring in character and entirely confined to the epigastrium. The pain reached 
its climax in four or five hours and was accompanied by nausea and vomiting. The 
symptoms persisted for about 24 hours, after which he considered himself well for a 
period of one month, when he experienced a similar episode. 

These attacks have suhsequeiitly occurred approximately once each month. Neither 
the patient nor his family have noticed any discoloration of the skin or sclera, but the' 
patient believes that his urine became dark in color after at least some of his attacks. 

Ten months before admission the patient saw a physician, who made a diagnosis 
of peptic ulcer. On January i, 1942, the patient began the use of the Muelengracht diet, 
to which regimen he has carefully adhered, without obtaining relief. His weight de- 
creased from 190 to 150 pounds. The patient experienced his last attack approximately 
one week before being admitted to the Vanderbilt University Hospital. 

On admission to the hospital the patient appeared as a fairly well nourished, intelli- 
gent. cooperative individual. Examination of the abdomen was particularly satisfactory 
because of the unusual relaxation of the abdominal wall, and no abnormalities of the 
abdomen were detected. The usual microscopic and chemical examination of the blood 
and urine showed no abnormality except for the elevation of the icteric index to 12 
units, following one episode of pain. Repeated examination of the stools always dis- 
closed the presence of occult blood. Cholecystographic examination showed a definite 
but faint shadow of the gallbladder. 

Roentgenologic examination of the gastro-intestinal tract by means of the barium 
meal was of particular interest because of our failure to observe in the roentgenograms 
definite evidence of the unu.sual lesion subsequently disclosed at operation. The dila- 
tation of the duodenum and proximal portion of the jejunum was quite obvious, but 
the curious filling defect in the duodenum, as shown by Figures i and 2, was not seen 
until after operation. 

Operation . — February 12, 1942: The abdomen was opened to the right of the 
midline above the level of the umbilicus. It was noted that the gallbladder was com- 
pletely obscured by adhesions, and the operator turned his attention first to an 
examination of the jejunum. Approximately the first two feet of the jejunum showed 
marked hypertrophy and dilatation. The walls of the intestine were thick and 
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BROOKS AND WEINSTEIN 


Annals of Snrcprv 
a y , 19 4 3 


of the duodenum. The polypoid mass was estimated as measuring 8 cm. in diameter 
and 12 to 15 cm. in length — (note the mass was considerably reduced previous to the 
opening of the duodenum). The operator observed that if the tumor was stretched 
towards the left, it was sufficiently long to reach for some distance beyond Treitz’ 
ligament. The entire polypoid mass was covered with what appeared to be normal 
duodenal mucosa. At the apex of the tumor there was a slit-like opening which, after 



Fig. 2 . — Tracing of 1 oentgeiicgrani shoi\n in Figure i. 


its edges were separa'^ed, permitted the discharge of a large amount of golden-yellow 
bile. If the edges of the slit were not held apart, a considerable amount of pressure 
could be exerted upon the tumor without causing the discharge of bile (Fig. 3). 

An incision was made through the anterior aspect of the tumor and it was found 
that the central portion of the tumor was occupied by a cavity lined wdth mucosa, 
wdiich had the same appearance as the mucosa of the duodenum. On careful e.xamina- 
tion it w'as noted that there were two small openings into the central cavity. These 
openings were approximately two millimeters apart, one being slightly larger than 
the other. A probe passed into the larger opening followed the pedicle of the tumor 
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BROOKS AND WEINSTEIN 


Annals of Burcery 
May, 1043 


Tlie patient’s postoperative course was uneventful. He was discharged from the 
hospital on the 12th postoperative day. During the year following operation the patient 
has enjoyed excellent health, and has gained 40 pounds. When reexamined a year 
after operation he appeared to be in perfect physical condition. At this time roent- 
genologic examination of the gastro-intestinal tract revealed slight dilatation only of 
the upper portion of the jejunum, with no evidence of obstruction. 



I'lG. 4. — Diagrammatic illustration of the appearance of the polypoid tumor after an incision was 
made into the central cyst. The dotted line around the apertures of the hile and pancreatic ducts 
marks the site of the incision made for preserving this area of mucosa for subsequent transplantation 
into the posterior duodenal wall. 


DISCUSSION 

The term, cyst of the ampulla of Vater, is used in the title of this paper 
because it seemed best suited for making this report ar-ailable in the current 
medical indices to those subsequentl)’^ interested in this subject, but in reality 
the conditions present were not as simple as this term implies. 

Wdiatever the cause of the initial anomaly at the normal site of the ampulla 
of Vater was, it seems quite certain that the outstanding anatomic char- 
acteristics of the tumor, the duodenum and proximal jejunum, as well as the 
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BROOKS AND WEINSTEIN AnnaU or surgery 

Al a y , 19 4 3 

normal mucosa of the duodenum. Also, the openings of the bile and pan- 
creatic ducts were at the distal aspect of the cyst. 

It appears, therefore, as if the abnormality described herewith was a 
congenital anomaly of the duodenal wall and not an acquired dilatation of 
the ampulla of V ater. Tlie authors rvere unable to find a record of a similar 
condition having been observed except perhaps the ‘‘anomalous pouch” of 
the duodenum reported by J. C. Boileau Grant.^ 

The nature of the symptoms experienced by the patient at the age of 
15, is strongly presumptive evidence of the existence of the polypoid tumor 
at that time. In this connection, it is interesting to note the remarkable 
change iir the patient’s definition of being “well” before and after operation. 
Before operation the patient believed himself “well” between “attacks of 
severe pain, nausea and vomiting” onl}^ occurring during the year previous 
to operation. One year after operation he stated that he had, since the 
operation, enjoyed a feeling of comfort and well-being previously unknown 
to him. 

REFERENCE 

’ Grant, J. C. Boileau: Anomalous Duodenal Pourli. Brit. Jour. Surg., 23, 233, 
July, i 03 .=i- 
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In salpingo-oophoritis we lound the zone ol hyperesthesia to be on the 
body of the first sacral vertebra near the sacral wing. Right or left according 
to the site of location of the lesion. It would be difficult with local anesthesia 
to operate upon a case of salpingo-oophoritis and to palpate the region di- 
rectly, and thus cause the disappearance of pain by novocain injection of 
the mesosalpinx and mesovarium. However, in lesions of the external geni- 
talia of the male (epididymitis) the same area of hyperesthesia was found as 



I'lG I — Deep palpation of the abdomen about 2 cm medial 
and 2 cm superior to the anterior iliac spine Objective pain is 
diagnostic of a lesion of the appendiN. x marks McBurney’s point. 


for salpingo-oophoritis. This I'eflex pain disappeared after novocain infil- 
tiation of the scrotal coi'd. 

In looking for the areas of hyperesthesia in lesions of the stomach, duo- 
denum, and gallbladder ; they appear, from our few observations, to be on the 
bodies of the lumbar vertebrae at the level of the umbilicus. In kidney 
lesions the zone appears to be on the iliac crest at the anterior axillary line, 
and is lateral to the ureter.'*' 

Returning to the study of appendicitis, w'e w^ere faced with the question 
of the location of the seat of pain. Is it in the iliacus muscle or in the peri- 

* This much o£ our work was presented before the “Surgical Society of ‘Monte- 
video’ ’’ in Aprilj 1942. 
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Plate I, Fig. i. — Direct pressure on the posterior parietal peritoneum covering 
the iliac fossa: If objective pain is elicited, it can be blocked by infiltration of the 
meso-appendix with novocain as indicated in Figure a. 

Fig. 2. — The cecum and appendix are brought out of the incision and about 3 cc. 
of 2% novocain is injected into the meso-appendix. 

J''iG. 3. — Anatomic exposure of the iliac fossa showing the area of hyperesthesia. 

Fig. 4. — During operation the posterior, parietal, and abdominal peritoneum can 
be freed, so that pressure can be applied to the muscle directly, or to the peritoneum, 
between two fingers, as shown. The same pressure after novocain has been injected 
into the meso-appendix elicits no objective pain. 


(a) Appendix in normal situation or position. McBurney point 
apparent; a painful appendix, and an hyperesthesia of the posterior parietal 
peritoneum. In these cases the test confirms the diagnosis. When Mc- 
Burney’s point tenderness is little apparent, the test has greater diagnostic 
aid. 
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METABOLIC STUDIES IN PATIENTS WITH CANCER OF THE 
GASTRO-INTESTINAL TRACT. XII— THE GLYCINE TOLERANCE 
TEST IN PATIENTS WITH GASTRIC CANCER* 

Irving ARiELf, M.D., Florence Jones, B.A., George T. Pack, M.D., 

AND 

C. P. Rhoads, M.D. 

Nuav York, N. Y. 

FRO^t THE MEMORIAL HOSPITAL, NEW YORK, N. Y. 

An earlier communication of this series’ indicated that 59 per cent 
of patients with gastric cancer develop hypoproteinemia. This abnormality 
may be due to (a) the increased protein catabolism of these individuals; (b) 
their impaired ability to fabricate serum protein ; or (c) simply an inadequate 
intake and absorption of dietar}’- nitrogen constituents. Previous investiga- 
tions^ of nitrogen excretion as the cause of hypoproteinemia in patients bearing 
gastric cancer failed to demonstrate that their rate of tissue breakdown was 
increased. However, evidence was found which strongly suggested that 
these individuals no longer could synthesize serum albumin in normal 
amounts.’- , , . 1 

Since the presence of gastric cancer conceivably could influence the mo-" 
tility of the alimentary tract, it was possible that that abnormality impaired 
the absorption of nitrogenous foodstuffs and thus contributed to the de- 
velopment of the hypoproteinemia in these instances. The association of 
gastro-intestinal disorders with impaired absoi-ption resulting in states of 
deficiency has been stressed by others.^ The present study was undertaken, 
therefore, to ascertain whether or not the usual end-products of protein di- 
gestion, i.e., the amino-acids, were absorbed normally from the intestinal tract 
of patients with gastric cancer. 

Methods . — Throughout the present investigation, the glycine tolerance 
test described by Erf and Rhoads'’ was used. Samples of oxalated blood for 
the determination of plasma amino-acid nitrogeiF were obtained from the 
fasted patient at o, l, 2, 3, and 4 hours after his ingestion of 25 Gm. of 
glycine in 500 Ml. of water. 

The urea content of the samples taken at o, 2, and 4 hours after glycine 
feeding was measured by the technic of van Slyke.® 

The urinary output of amino-acid nitrogen was measured for one day 
before, and for two days after, the administration of glycine. These deter- 
minations were made by the method of van Slyke, et a!.'' 

Clinical Material . — The clinical material employed in this investigation 
were all adults and can be divided into four groups : 

* The authors gratefully acknowledge the grant from the National Cancer Institute. 

t Trainee in diagnosis and treatment. National Cancer Institute Fellow. 
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peak of amino-acid nitrogen levels in the plasma of patients with gastro- 
intestinal cancel after the administration of glycine always occurred in the 
•second hour. Moreover, in this group of patients the increase in the peak 
of the plasma amino-acid nitrogen, after the glycine ingestion of 25 Gm., 
was considerably higher than that observed in the previous group. The 
average increase was '6.61 mg. per cent, and varied from 4.1 to 8.8 mg. 
per cent. Thus, the average increase in the plasma of patients with gastric 
cancer was 256 per cent above the peak in the plasma of the control group. 

The average increase of urea nitrogen in the plasma of these patients 
after the ingestion of glycine was found to he 5.8 mg. per cent, and the 
range of increase from 1.8 to 16.0 mg. per cent. 

In four instance the dail}'' urinaiy output of amino-acid nitrogen was 
measured and was found to increase for the 24 hours after administration 
of glycine only by from 42 to 215 mg. 

Thus, it would appear that the absorption of glycine from the gastro- 
intestinal tract of patients bearing esophageal or gastric cancer is some- 
what delayed. 

C, THE ABSORPTION OF GLYCINE FROM THE GASTRO-INTESTINAL TRACT 

OF PATIENTS WITH BENIGN LESIONS OF THE STOMACH 

To ascertain whether or not the delayed absorption of glycine by patients 
with gastro-intestinal cancer was due to the presence of gastric lesions and 
possibly to the consequent impaired gastro-intestinal motilit}’-, three patients 
with benign gastric disorders were studied. In these, as in the control 
Group A, the peak of glycine absorption occurred during the first hour. 
The average maximum increase of the plasma amino-acid nitrogen level 
was 4.53 mg., and the range of maximum increase from 3.8 to 5.5 mg. 
per cent. In one instance (R. G.), following a sharp drop in the plasma 
level of amino-acid nitrogen during the second hour, a secondary higher 
peak occurred. The reason for this second rise is not known, although 
others’^ have demonstrated a secondary third-hour peak in the curve of some 
normal individuals. 

The maximum increase of the plasma urea nitrogen in these patients 
varied from 1.6 to 8.2 mg., and the average was 5.3 mg. per cent. 

The daily excretion of amino-acid nitrogen was measured in the urine 
of two of the three individuals and was found to increase only by 9 and 
18 mg. 

D. THE ABSORPTION OP GLYCINE FROM THE GASTRO-INTESTINAL TRACT 

OF PATIENTS AVHO UNDERWENT GASTRIC RESECTION 

Two of the three patients in this group previously were studied before 
surgical removal of their stomachs. In J. M., the patient with cancer of 
the terminal esophagus who was presented in Group B, the peak of glycine 
absorption now was reached during the first instead of the second post- 
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of the glycine."*’ In all the controls of the present study, with but one 
exception, the peak did occur within one hour. In the six patients bear- 
ing gastric cancer the peak of the amino-acid nitrogen curve occurred 
in the second hour. This delayed peak may be due to the presence of the 
neoplasm whicli ( i ) alters gastro-intestinal motility and thereby mechanically 
hinders amino-acid absorption; or which (2) induces a metabolic disturbance 
through which an abnormal amino-acid' absorption results. A similar metabolic 
abnormality has been described in patients with sprue.'* Moreover, the 
presence of marked gastric pathology (multiple peptic ulcers, diffuse Boeck’s 




4;ic_ 4. — Plasma amino-acid nitrogen and urea nita-ogen curves following the ingestion of 25 
grams of glycine by three patients following gastrectomy. The area between the broken lines in the 
piasma nitrogen chart represents the control levels obtained from Figure i. 

sacoid, polypi (with follicular hyperplasia) does not appear to affect the 
rate of absorption of glycine from the gastro-intestinal tract. 

Furthermore, after glycine ingestion the average maximum increase of 
the amino-acid nitrogen level (6.6i mg. per cent) in the plasma of the 
patients with gastric cancer, although delayed, is significantly higher than 
that (2.58 mg. per cent) of the six control subjects. Of the six patients 
with gastric cancer, five had peaks of glycine absorption higher than that of 
the highest control value. It has been demonstrated that the height of the 
plasma amino-acid nitrogen which occurs after the ingestion of glycine 
reflects the ability of the body to ttlilise the compound.’^ Hence, the abnor- 
mally high peak of the amino-acid nitrogen level in the plasma of patients 
with gastro-intestinal cancer after the glycine ingestion suggests that these 
individuals have not only a slow absorption of glycine but also an impaired 
ability to utilize that compound at a proper rate. These suggestions ap- 
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THE TREATMENT OF POSTOPERATIVE HYPOPROTEINEMIA 
IN PATIENTS WITH CANCER OF THE COLON AND RECTUM =>= 


George E. Binkley, M. B. (Tor.), Jules C, Abels, AI.D.,t 

AND 

C. P. Rhoads, M.D. 

Nnw York, N. Y. 


1-KOM rUL COLON AND RECTUM SERVICE OF MEMORIAL HOSPITAL, NEW YORK', N. Y. 

The physiologic derangement of patients with cancer of the colon 
and the rectum deserves careful consideration when surgery is contemplated. 
The ability of these patients to maintain normal levels of serum protein and 
a satisfactory status of liver function before and after operation are im- 
portant factors in the successful treatment of their disease. There is con- 
siderable evidence to show that a persistent hypoproteinemia may result in 
tissue edema, ascites, altered motility of the gastro-intestinal tract, wound 
disruptions, and an increased susceptibility to infection.^ The many com- 
plications that may follow major surgery in patients with liver disease is 
common clinical knowledge. These range from febrile reaction to sudden 
death from so-called liver shock.- Experience in our clinic has proven that 
many of these complications can be avoided when the patient maintains a 
satisfactory level of serum protein. Moreover, we feel that during the past 
few years, since this factor of h)'^poproteinemia has been given careful atten- 
tion, the postoperative mortality and morbidity have been decreased (Table I). 


Table I 

OPERATIONS WITH OPERATIVE MORTALITY ON THE COLON AND RECTUM SERVICE — YEAR 1942 


Type of Operation 


Number of Patients 

Deaths 

Rechim: 

Abdornino-perineal (one stage) 

Perineal Resection; 

With abdominal colostomy 

..8 


0 

With perineal colostomy 

..2 

10 

0 

Colostomies 


54 

6 

Colo7i: 

Iliotransversecolostomy 


4 

0 

Resection of right colon 


3 

0 

Resection of left colon (Mikulicz) 


8 

0 

Resection of transverse colon (Mikulicz) 


1 

0 

Exploratory for carcinomatosis 


2 

1 

Cecostomy 


1 

I 


Previous investigations in this hospital of a group of patients with cancer 
of the esophagus, stoiiiach, colon and rectum revealed that 58 per cent in 
this group were hypoproteinemic.” Also, in a study of 100 patients with gastric 
cancer, hypoproteinemia was found preoperatively in 67 per cent.^ In the 

* This investigation was undertaken with the aid of a grant from the National 
Cancer Institute. 

•f Finnej^-Howell Fellow. 
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Table III 

THE THE- AND POSTOPERATIVE LEVELS OF SERUM PROTEIN IN PATIENTS WITH CANCER OF THE RECTUM AND COl.ON 


!erum Protein. 

No. of Patients 

No. of Patients 

in. per 100 MI. 

Preoperatively 

Postoperatively 

4 6—5 0 

0 

4 

5.1— 5.5 

3 

21 

5.6—6 0 

3 

21 

6.1—6 5 

17 

10 

6.6—7 0 

21 

6 

7.1— 7.5 

18 

2 

7.6— 8.0 

3 

1 


Fifty-two of the 65 patients studied received parenteral protein therapy. 
Apparently, a normal level of protein cannot always be obtained and main- 
tained by dietary nitrogen nor even by the intravenous administration of 
from 20 to 60 grams of amino-acids (Table IV). It has been found neces- 
sary for this purpose to use blood, plasma, and a high protein-carbobydi'ate 
diet. Whole blood was employed in most instances, since its administration 


Table IV 

THE LEVELS OF SERUM PROTEIN IN PATIENTS WITH CANCER OF THE RECTUM AND COLON. WHO RECEIVED NO 

PARENTERAL PROTEIN POSTOPERATI VELY 


Serum Protein 



Serum Protein, 

Gm. per 100 Ml. 

1st Day 

Amount and 
Source of 
Nitrogen 

Days of 
Nitrogen 
Source 

Level after 
Nitrogen 
Administration 
Gm. per 

Surgical 

Patient 

Preoperatively 

Postoperatively Postoperatively 

Administration 

100 Ml. 

Complication 

F.G 

6 2 

5 4 

Intravenous 
amino-acids, 
15-60 Gm., q.d. 

10 

5 5 

Ileus 

A.E 

6 4 

6 0 

Oral protein, 

40 Gm., q.d. 

5 

5 5 


L.G 

6 7 

6 2 

Oral protein. 

8 

5 9 


E.K. .. 

6 5 

5 9 

Intravenous 
amino-acids, 
15-40 Gm.. q.d. 
Oral protein. 
45-70 Gm., q.d. 

7 

6 0 


K.D 

6 4 

5 3 

Intravenous 
ammo-acids. 
30-75 Gm., q.d. 

10 

5 4 

Marked 

abdominal 

distention 

I.C 

. . 

5 4 

Oral protein, 

40 Gm., q.d. 

12 

5.6 

Wound 

disruption 

D.C 

6 4 

5 9 

Oral protein, 
30-60 Gm., q.d. 

14 

5.9 


K.P. ... 

6 6 


Oral protein, 
45_Gm., q.d. 

18 

5 7 

Wound 

disruption 


not only increases the level of serum protein but also the red count and 
the hemoglobin content. Infusions of blood plasma were given to those 
patients who bad hypoproteinemia unassociated with anemia. As soon as 
the patients could tolerate food after operation, high protein diets were used 
in all instances. Milk protein was given from the third or fourth post- 
operative day and the amount increased until the patients received about 
100 grams daily. Thirty-two patients received only blood transfusions, while 
20 received both whole blood and plasma. By these measures it was possible 
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from 20 to 150 days after they received their last parenteral protein, were 
significantly higher than the levels during the first postoperative week. Of 
the 14 patients, one had hypoproteinemia preoperatively ; during the first 
postoperative week this abnormality was noted in 13; and, finally, consider- 
ably after the last parenteral protein, only four still had mild reductions of 
their serum protein concentrations. These observations would indicate, 
therefore, that the chief purpose of the measures taken in this investigation 
to combat postoperative hypoproteinemia was to supply enough protein 
during that short period when the surgical procedure might have increased 
protein catabolism or impaired protein fabrication. 

The ability to counteract hypoproteinemia was greatly handicapped by 
the presence of acute infections. Of the 52 patients studied, in which the 
above form of treatment was instituted, six failed to obtain any increase ii? 
the serum protein level ; and four of these six suffered with an acute infection. 
In these instances, the refractory hyi^oproteinemia might have been due to 
the effects of the infection on the liver or to additional protein catabolism. 
Other workers® have demonstrated the presence of impaired hepatic func- 
tion during pneumonia, sepsis, and acute rheumatic fever. 

Eighteen of the 52 patients studied had infections of the genito-urinary 
tract for which sulphone drugs were employed. It was noted that the amount 
of blood and plasma required to combat the hypoproteinemia of these in- 
dividuals was greater than that needed for the patients without infections. 
The former group received from 500 to 3150 ml. of blood, the average being 
i8oo ml., while the average amount of blood required for the latter group 
with hypoproteinemia ranged from 250 to 2700 ml. and averaged 950 ml. 
The average amount of plasma was 1200 ml. for the patients with infections, 
and 740 ml. for those who did not develop infections. Of the 18 patients 
with bladder infections, four, or 23 per cent, failed to show any rise in their 
levels of serum protein during the first 14 days of treatment. In ten other 
instances, or 55 per cent, an increase of the serum protein level was noted 
onl}'- after the 14th day of treatment (Table VII). 


Table VII 


THE ABILITY OF INFECTION TO IMPAIR THE EFFECTS OF HIGH PROTEIN THERAPY 


Patients without Infection 
of the Bladder 


Patients with Infection 
of the Bladder 


Number 34 

No serum protein rise after therapy in 6% 

Delayed serum protein rise (14 days or more) in. .. 29% 


18 

23% 

55% 


These findings strongly suggest that the treatment of hypoproteinemia 
is made much more difficult by the presence of infection, which seems to set 
up a vicious circle in that it induces a fall in the serum protein level, and 
the presence of hypoproteinemia decreases the patient’s resistance.^ hi 
certain of these individuals with infection it may be difficult or impossible 
to maintain a satisfactory serum protein concentration ; nevertheless, the 
administration of blood or plasma in these instances probably avoids the 
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ACCESSORY SPLEEN IN THE SCROTUM 

REVIEW OF LITERATURE ON ECTOPIC SPLEENS AND THEIR ASSOCIATED SURGICAL 

SIGNIFICANCE 

J. M, Emmett, M.D., and M. L. Dreyfuss, M.D. 

Cliftoit Forge, Va. 

FROM THE DEPARTMENTS OF SURGERY AND PATHOLOGY, CHESAPEAKE AND OHIO HOSPITAL, CLIFTON FORGE, VA. 

The PRESENCE of an ectopic spleen in the scrotum, simulating a testicular 
tumor, is a rare enough finding to warrant recording. 

Case Report . — A while male, age 47, was admitted to the Surgical Service of the 
Chesapeake and Ohio Hospital on March 3, 1942. 

About seven months previously, he had noticed, for the first time, a small lump in 
the right groin. It did not give him discomfort, but he was advised that he had !a 
hernia which should be repaired. 

He was known to have a diverticulosis of the colon which caused frequent attacks 
of abdominal pain. Otherwise, his family and personal history were irrelev^ant. 

Both inguinal rings were patulous and a definite hernial sac protruded on the 
right side. A smooth, round, nontender, firm mass was found attached to the upper 
pole of the left testicle. It was about half as large as the testicle, which seemed, normal 
in size and consistency. This swelling had never been noticed by the patient. Pre- 
operative Diagnosis: Indirect inguinal hernia, bilateral. Tumor of left testicle. 

Operation . — The right inguinal hernia was repaired; and the left scrotum was 
incised and the testicle delivered. The tumor was found to be attached, by a broad 
base, to the tunica albuginea at the upper pole close to the head of the epididymis. It 
was encapsulated and did not penetrate into the testicle. It was removed by sharp dis- 
section. The testicle, the epididymis and the spermatic cord appeared normal. 

Pathologic E.vamination . — The specimen was almost complete^’’ covered with a 
dense, pearly-grey, glistening capsule. It measured 4 x 3.5 x 2 cm. It was firm and 
elastic. The cut sections showed brownish-red tissue, with an irregular network of 
greyish, fine trabeculae. The microscopic sections showed normal splenic tissue, with 
rather small follicles, and hyperplastic red pulp. The sinuses were almost bloodless 
and collapsed (Fig. i). 

The patient made an uneventful recovery and was discharged three weeks after 
operation. 

Comment. — Puzzling as such a location of an ectopic spleen may appear 
on first sight, it will be readily understood if one considers the close topo- 
graphic relation between spleen and urogenital organs during early intra- 
uterine life. The differentiation of the spleen begins in about the fourth 
to fifth week. It is completed in the twelfth week. During this time, the 
spleen is transformed from a trilobated into a single organ. It is situated 
between the mesonephric and the urogenital fold. The mesonephros (wolffian 
bod}^) reaches its maximal cephalad extension at the time when the spleen 
begins to develop. The caudal migration of the genital gland begins in the 
eighth to tenth week. Therefore, we must place the teratogenetic period, 
during which portions of the spleen are transported downtvards with the 
genital gland, between the fourth and tenth week; most probably in the sixth 
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The literature contains, in addition, several reports of cases in which 

like in our own case — the ectopic spleen in the scrotum was not connected with 
the spleen. 

Case of Finaly." — The iialicnt was a male iiewliDni child witli a coiiKciiital left infriiinal hciiiia. 
The left testicle seemed twice as large as the right and had a difTcrent shape. A dajrk hrown and 
purple, round swelling at the head of the epididymis was removed. It was covered with peritoneum 
and consisted of splenic tissue. 

Case of Talmann.^* — The patient, a 22-year-oid soldier, had a painful swelling in his left 
scrotum. During malarial attacks this swelling reached the sire of a goose egg. One nodule of 
splenic tissue, 2.5 cm. in diameter, was found at the head of the left epididymis, another, 0.4 x 0.5 x 0.8 
cm., was present in the spermatic cord. 

Case of Osseladore.*’ — The patient, a ig-year-old white boy had, since birth, three nodules in 
his left scrotum which had grown corresponding to the body development. The largest nodule sug- 
gested at the time of operation, as to size and consistency, a third testicle. The two sm.allcr ones were 
pedunculated. All three consisted of splenic tissue which was, in places, sclerotic and contained 
several iron-calcium deposits. 

Case of Settle.^^* — The patient, an adult, suffered from a painful enlargement of the left 
testicle during the acute febrile phases of a tertian malaria. An enlarged accessory spleen was found 
in the scrotum. 

Even these few cases illustrate the almost impossible task of a correct pre- 
operative diagnosis. Probably the true condition will only be recognized after 
microscopic study. However, in the presence of a long-existing tumefaction 
of the left testicle, particularly when accompanied by an inguinal hernia, the 
possibility of an ectopic spleen should be considered in the already difficult 
diagnosis of testicular tumors. (The painful periodic swelling associated with 
malarial attacks in the cases of Settle,--, and Talmann,-^ might perhaps have 
led to hazarding a tentative diagnosis). 

Although it was not possible to inspect the spleen in the present case, we 
may conclude, from the other similar reports, that a normal spleen Avas present 
in normal location. Thus, we would list this case of scrotal spleen among the 
accessory aberrant) spleens. A certain confusion prevails as to the correct 
nomenclature of spleens in anomalous location. A clear distinction should 
be made between the following types: (i) Wandering spleen. (2) Double 
spleen. (3) Multiple spleen. (4) Accessory (aberrant) spleen. These 
types differ from each other in their formal genesis as Avell as in their clinical 
significance. 

The wandering or floating spleen is the type most frequently involved 
in surgical complications. Since Abelff reported 95 cases of wandering spleen, 
with torsion of the pedicle, additional publications have brought the total to 
about 120. The wandering spleen may be found in any part of the abdominal 
cavity and — as in ventral or diaphragmatic hernia — even outside the abdomen. 

It is much more frequent in Avomen than in men, and its incidence is especially 
high in multiparae. Only three cases have been reported in children (Trues- 
dale and Freedman-®). It is, therefore, assumed that the relaxation of the 
abdominal AA'^all plays an important part in the causation of the displacement, 
although this is probably not the only factor involved. Minor, easily over- 
looked disturbances of peritoneal development, and consequent faulty attach- 
ment of tbe organ, are most likely equally responsible. The relative frequency 
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symptoms by torsion of the pedicle (Alexander,” and Alexander and Ro- 
manes,'^ Geiger,® and Settle-') or cause intestinal obstruction (Bainbridge,'* 
Voss,”' and Temoiir"’) or both (Settle-”). A curiosity is the case of Morris, 
Lederer and Fradkin."’ Their patient had his spleen removed for throm- 
bocytopenic purpura. A walnut-sized accessory spleen was left in the ab- 
domen. The patient was well only for a short while but then the blood 
dyscrasia returned due to the action of the accessory spleen. Considerations 
along this line would make the search for accessory spleens important, also, 
where splenectomy for hemolytic jaundice is performed. 

SUMMARY 

A case of accessory spleen in the scrotum is reported and the genesis 
of the malformation discussed. Similar cases in the literature are sum- 
marized. The various types of spleens in anomalous location are surveyed and 
their clinical importance evaluated. 

BIBLIOGRAPHY 

1 Abell, I.: Wandering: Spleen with Torsion of Pedicle. Annals of Surgery, 98, 

722-735, 1933- 

- Alexander, R. Ch. : Accessory Spleen with Recurring Torsion of its Pedicle. Lancet. 
217, 17, 1929. 

•* Alexander. R. Ch., and Romanes, A.: Accessory Spleen Causing Acute Attacks of 
Abdominal Pain. Lancet, 2, 1089-1091, 1914. 

4 Bainbridge; Quoted by Putschar.^o 

2 Bertone, C. : Occlusione e turbe funzionali dello stomaco e dell’ intestino da ectopia 

splenica o da tumore di milza. Riforma Medica. 50, 765-770, 1934. 

0 Finaly, R. ; Bijmilt aan de epididymis in ecu aangeboren liesbruek bij een zuigling. 
Nederl. Tijdschr. Geneesk., 2, 397-400, 1926. 

■ Fischer, W., and H. Gissel ; Ein eigentuemlicher Operationsbefund : Milzgewebs- 
strang zum Nebenhoden ziehend. Brun’s Beitr. z. klin. Chin, 161, 595-598, 1935. 

'' Geiger, Ph. : Ein Fall von stielgedrehter Nebenmilz. Zentralbl. f. Chir., 58, 1772, 1931. 
Hambrickj R. A., and Bush, J. D. : Autoplastic Transplantation of Splenic Tissue in 
Man, Following Traumatic Rupture of the Spleen. Annals of Surgery, 115 , 
84-92, 1942. 

Harris, H. A. H. : Case of Wandering Spleen Causing Intestinal Obstruction. Brit. 
J. Surg., 15, 163-165, 1927. 

Hjort, E. : Wandering Spleen with Dyspeptic Symptoms. Med. Rev. Bergen, 53, 
321-324, 1936. 

Krueger, J. T., and Mast, H. E. : Splenic Transplants Following Traumatic Rupture 
of Spleen and Splenectomy. Am. J. Surg., 58, 289-293, 1942. 

Lamarque^ P., Morgue-Molines, E., Betoulieres, P., and Ginestie, J. : Volculus gas- 
trique et stenose colique secondaires a une ectopie pelvienne de la rate. Arch, d’ 
electric, med., 46, 107-11S, 1938. 

14 Leriche and Gravier ; Rates multiples en position droite inter-hepato duodeno-colique ; 

volvulus d’un des pedicules ; eclatement d’une des rates ; hemorragie intraperitoneale ; 
laparotomie; splenectomies multiples; guerison. Lyon Chir., 19, 107, 1922. 

15 Mauro, M. : Due casi di milza malarica ectopica e torta sul pedunculo complicati da 

occlusione intestinale meccanica. Riforma Med., 50, 1153-1158, 1934. 

1® Morrison, M., Lederer, M., and Fradkin, AV. Z. ; Accessoiy Spleens ; Their Sig- 
nificance in Thrombocytopenic Purpura Hemorrhagica. Am. J. Med. Sci., 176, 
672-681, 1928. 


758 



Xolllnic ]jr 

■dumber 5 ' 


Oselladovc n ■ ^r■ SPr 

Cbir., 3, ' r • succenf,, - 

Arci, , 

f r" a's Ge, ' "'■ "■ *• 

“ >“"?.■ --.a..,, 

., * Physiol ■ ■ Apparent r, ■ Sp^ee„s . 

Sur^erv ' ^■’ Frp^ j ^h'ntesfr' ’’ 

■'" P':' AccTs^'°'’ 'MS. "'“’ “•■■ "'aa*r/„g j »™vi.,c. 

‘^' iVew 7« Spleen 4 . ^ w/H, 

" a;0a.,owcl, a"^-!- ®“a8-., 3, „„■«, c °'‘*»n of 

«”>•. 34,' S^ot’ae'lft '""' “‘-^cdo.,. , 

^ ^oS, ig^ Caused bv T ■ Austra/. 

■‘■orsion of n; r 

SpJeeu. 


5^59 



SPONTANEOUS RUPTURE OF THE URINARY BLADDER* 

REPORT or CASE OF SECOND RUPTURE 

WilliajNI Berry Marbury, M.D., and Lt. Comdr. Wesley Fry, M.C. 

WjVSiiikgtox, D. C. 

There has been considerable discussion as to wbat constitutes a “spon- 
taneous” rupture of the urinary bladder. Some authors^’ have preferred 
to designate nontraumatic ruptures as “idiopathic” when there was no ap- 
parent pathology in the bladder, and as “pathologic” when there was. Sisk 
and Wear^ attributed the confusion in terminology to the fact that the word, 
“spontaneous,” has not been accepted in its proper sense; that is, as pro- 
ceeding from an internal impulse, without external force. They contended; 
“If the bladder ruptures without external stimulation, it is spontaneous and 
deserves to be reported as such.” Cases which have recently been reported 
as spontaneous ruptures have included both those caused by overdistention 
from obstruction and those caused by a pathologic condition of the bladder 
wall, either of primary or of secondary origin. Thus, the use of the term 
now seems established to include all nontraumatic ruptures of the urinary 
bladder. 

i 

That spontaneous rupture is a rare condition is shown by the fact that 
Besley® found only one spontaneous rupture among 23 cases of ruptured 
bladder at the Cook County Hospital. Baumer® listed 27 cases of non- 
traumatic rupture, which he had found reported in the literature during 
the fourteen years preceding 1913. Stone" stated that up to 1931 only 40 
cases had been reported. He reported two additional cases. These series 
do not appear to include cases of spontaneous rupture during pregnancy 
nor those due to an extension of a tubo-ovarian abscess. Up to 1941, 34 
cases of the former had been reported and 58 of the latter condition. 

As far as we have been able to determine, the following case of a second 
spontaneous rupture of a urinary bladder is the only one of its kind to 
have been reported. 

Case Report.^C. M., white, male, age 37, was admitted to Emergency Hospital, 
March 19, 1941, complaining of pain in the abdomen. Twenty-four hours before ad- 
mission he had been taken with a severe abdominal pain, which gradually increased in 
intensity. He had vomited twice during the 24 hours. The patient stated that for the 
previous week he had been drinking from one and one-half to three pints of whiskey a day. 
He also said that when he was age 25 he had begun drinking periodically, at intervals 
varying from a few months to eight months, and with drinking periods lasting from 
10-14 days. In 1930 he was treated for lues and had received injections for 14 months. 

The patient had had a previous admission to Emergency Hospital, November 14, 
1940, because of abdominal pain and an inability to void, following a two-weeks’ period 

* Read before the Clinico-Pathological Society of Washington, D. C., December 
I, 1942. 
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in these cases the immediate cause of the rupture was traumatic, eitlier con- 
cussional or penetrative. 

The most frequent cause of spontaneous rupture is hyperdistention of the 
bladder wall. The overdistention arises from an obstruction to the urinary 
outflow, usually due to an unrelieved stricture of the urethra. Less often 
the obstruction is due either to pressure upon the urethra froin an enlarged 
prostate or to a blockage of the tract by a stone. Gross retention of the urine 
with intramural tension may result from a neurogenic dysfunction of the 
bladder wall. Wilson® has reported an unusual case of spontaneous rupture 
due to cord bladder in a patient having tabes dorsalis. His case is somewhat 
similar to the one being reported in that both patients had syphilis. In 
W^ilson’s case, hyperdistention was caused by syphilitic damage to the 
accessory tracts proximal to the column of Burdach, through which passes 
the afiferent arm of the reflex governing the tone of the musculature and 
sphincter of the bladder. The consequent loss of tone of the musculature 
and the increased tone of the sphincter amounted to obstruction at the bladder 
neck. At operation, performed within a few hours after the onset of 
symptoms, a large hole was found in the bladder wall, permitting the intro- 
duction of three fingers into the cavity of the bladder. The defect in the 
bladder wall was sutured in layers. The bladder and the peritoneal cavity 
were drained. The patient died on the second postoperative day. 

The cases of spontaneous rupture which are not caused primarily by hyper- 
distention usually result from morbid changes within the bladder wall. De- 
generation of the musculature, appearing as areas of fibrosis or necrosis, 
are in some instances a secondary result of chronic distention. Baumer® 
reported a case of a 58-year-old man who had an hypertrophied prostate and 
a history of early gonorrhea. At autopsy, the bladder wall showed a severe 
cystitis and multiple areas of necrosis in the hypertrophic musculature. 
Pathologic changes within the wall of the bladder may result from primary 
diseases of the bladder, such as carcinoma, ulceration, diverticula, tuber- 
culosis, or S3'philis. The bladder wall may also be affected by the extension 
of an adjacent neoplastic or inflammatory mass. A fistulous connection be- 
tween the bladder and the inflammatory mass may be established, resulting 
in an extravasation of the urine. Stone“ reported such a case. A girl, nine 
years of age, who four years previously had had a nontuberculous osteomye- 
litis of the right hip, developed pain in the right hip accompanied by a rise 
in temperature. Three weeks later there was a sudden onset of micturition, 
burning, spasm, and extreme dysuria. The urine was loaded with pus. A 
few days later an abscess of the right hip was incised and evacuated. Ten 
days later the dressing was saturated with urine. A cystoscopic examination 
revealed a circular opening, about two centimeters in length, in the wall of 
the bladder, posterior to the right ureteral orifice. Within six hours after 
the cystoscopic examination, the patient had urinated. Within a few weeks 
the sinuses in the hip closed, and the patient made a good recovery. Caslallo 

762 



Fetter'^ u, ■ 

°^'aria]2 ah? Of n, 

:r- -pCr"- cs:- 

“"S:;;: -'Ct. 

of t,^°''P'"-’' ill inf’^ ’’^^Ponsible f ‘’'^ ^^*'iii'iia;"°"’ '^^‘‘^opt’ d“’.°^®‘''"otec/ 

„ Urinary • '■‘Grieved f *"°'' « a fe„ '""®o)es /„ , "'"« preg-, 

. s ■■■ *c“7' '" ** ; "r “• 

/^esin Aviiich H ^ ^^adder ,-, jF ^ ( 2 ) run 

;i“- *■■ 2,'i “‘"«C.» •« 

*" »» s? “'“ ~*;r. “■ s 
•"Cr-^if ■ ■" r/?>"4":;;;:'- » -- 

'^5H}£5i£S5E'^ 

'"■'“''e t;,e 



MARBURY AND FRY 


Annals of SurRcry 
a y , 19 4 3 


pubis and in the groins, at times extending as high as the umbilicus. The 
patient will be able to void small amounts of urine, which will show some 
blood. In the intraperitoneal type of rupture the onset will be more sudden, 
and there will usually be early signs of shock. The later symptoms will be 
mainly those of peritoneal irritation; that is, severe abdominal pain, nausea 
and vomiting, and abdominal distention, rigidity and tenderness. A history 
of marked distention with a sudden collapse of the bladder can often be 
elicited. The patient will have an urgent desire to urinate, but will usually 
be unable to void more than a few drops. The evacuation of a very small 
or very large quantity of bloody urine by catheter is a significant early finding. 

In the diagnosis of both types of rupture, the presence of urinary obstruc- 
tion is an important indication of rupture. A cystoscopic examination is 
not practical, as a ruptured bladder can rarely be visualized. A cystogram 
taken after the injection of either iodized oil or air will sometimes reveal 
the point of leakage. The diagnostic test of introducing a measured amount 
of fluid into the bladder and comparing this amount with the quantity re- 
covered is not infallible. When the rupture in the bladder is large, a great 
deal more fluid may be recovered than has been put in. If the disproportion 
either way is great and the urine is bloody, a rupture may be suspected. 

The treatment of both intra- and extraperitoneal rupture is immediate 
operation. Early operation gives a very low mortality rate. Adequate urinary 
drainage is a most important measure in both types of rupture. In the 
treatment of the extraperitoneal rupture, drainage should be provided by 
means of a suprapubic tube. Closure of the bladder rent is not necessary, 
but it is certainly a desirable procedure if tbe condition of the patient 
permits its being carried out. Healing will be rapid, provided the drainage 
is adequate. In the treatment of the intraperitoneal rupture, the abdomen 
should be opened, the fluid contents aspirated, and the peritoneal cavity closed 
without drainage. The perforation in the bladder should be closed in 
layers. Urinary drainage should be provided by an indwelling urethral cathe- 
ter or by a suprapubic tube, preferably the former. 

The prognosis is good in the extraperitoneal type of rupture. According 
to Dittrich,^'* among the untreated cases of extraperitoneal rupture, only 
27 per cent are fatal. The outlook in the intraperitoneal cases becomes grave 
after the first 24 hours. The cause of death is either peritonitis or uremia, 
or both. 


SUMMARY 

1. The term, spontaneous rupture of the urinary bladder, is now the 
accepted designation for all nontrauniatic ruptures of the bladder. 

2. Spontaneous rupture is relatively rare, comprising about four per 
cent of the reported cases of bladder rupture. 

3. A case is reported of a second spontaneous rupture of the posterior 
fundus of the urinary bladder. This case seems to be the only one of its 
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kind to be reported. The patient was an alcoholic, with a history of having 
been treated for syphilis. The etiology is obscure. At operation, the rent 
in the bladder wall was sutured and adeiiuatc drainage of the bladder was 
provided. The patient recovered. 

4. The most frequent etiologic factors in bladder rupture are : ( ^ ) Hyper- 
distention from obstruction: (2) degenerative changes in the bladder wall 
from chronic distention; (3) pathologic changes in the musculature due to 
diseases of the bladder or to the extension of neoplastic or inflammatory dis- 
eases in adjacent structures. 

5. The symptoms and physical signs var}'-, depending upon whether the 
rupture is intra- or extraperitoneal. 

6. In the treatment of both types of rupture, early operation and the 
establishment of adequate urinary drainage are imperative. 

7. The prognosis in intraperitoneal rupture becomes grave if operation 
is delayed longer than 24 hours. 
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PREOPERATIVE SCRUBBING IN ABDOMLNAL SURGERY 

II — CLINICAL STUDIES 

J. K. BerjIan, M.D. 

Indiakapoi-is, Indiana 

FROM THE DEPARTMENT OF SURGERY, INDIANA UNITORSITY SCHOOL OF MEDICINE, AND THE SURGICAL 
SERVICES OF THE UNIVERSITY HOSPITALS, INDIANAPOLIS, IND. 

In a previous communication^^ we reported the eflfects of preoperative 
scrubbing as a protective measure in the prevention of wound infection 
when tried in experimental animals. It was found to have some value when 
done 96 to 120 hours before surgery. It was, perhaps, deleterious when 
done 12 to 24 hours before operation. This study is herewith continued in 
patients. 

In the Indiana University Hospitals most patients are prepared for 
abdominal surgery as follows: On the night before operation the abdomen 
is shaved, scrubbed with soap and water on gauze and painted with tincture 
of merthiolate. Sterile towels are placed over the field and secured with 
adhesive tape. The incidence of postoperative wound infection has been 
extremely low with this routine. 

By preoperative scrubbing we mean any preparation up to 12 hours 
before operation. Immediate surgical sterilization is not included in tins 
study. Preoperative “scrubbing” in the University Hospitals is not done 
in the surgical sense. It is carried out in the manner described, without 
regard to the length of time or the use of a brush, and must be regarded as 
a cleansing process only. 

The effect of scrubbing, as defined, is difficult to prove clinically. There- 
fore, patients with intestinal fistulae were selected because there could be 
no doubt of contamination at the time of surgery or shortly thereafter. 
Five patients with intestinal fistulae from various causes were selected 
for this study. 

CASE REPORTS 

Case I. — A female, age 37, was admitted to the Long Hospital complaining of a 
fecal fistula in an old operative scar. She had been operated upon elsewhere for “pelvic 
infections.” The abdominal wall was excoriated and bathed with intestinal content. 
The diagnosis was postoperative intestinal fistula of the small bowel. The patient was 
placed on a Bradford frame in the prone position for tw'O weeks. This permitted the 
excoriated skin to heal. 

Four days before operation the abdominal wall was scrubbed with soap and water 
for ten minutes. Immediately before operation the abdomen was again scrubbed with 
tincture of green soap and sterile water and washed with 70 per cent alcohol (by 
weight) , as described by Price.i- = The operation was extensive, requiring multiple 
resections of the small bowel, with anastomoses. The abdominal wound was closed 
as follows: No. 00 chromic catgut in the peritoneum (interrupted mattress), No. 000 
in the muscle (interrupted). No. 00 chromic catgut in the fascia (figure-of-eight 
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injection revealed multiple communicating fistulae. On June 30, 1941, a left inguinal 
colostomy was established. The patient did not return for treatment until July 15, 1942. 
At this time a lipiodol injection and roentgenologic study showed a fistulous tract which 
communicated with the sigmoid, the bladder, the vagina and the anterior abdominal wall. 

Four days prior to surgery the abdominal wall was scrubbed with soap and 
water for eight minutes. On the night before operation the abdomen was again scrubbed 
with soap and water for three minutes. Immediate preparation before surgery was 
exactly as in the first patient. The fistulous tracts were completely excised, and the 
abdominal wall was closed without drainage. One Penrose drain was brought through 
the posterior cul-de-sac into the vagina. The operation was successful, and the abdom- 
inal wound healed per primam, without infection. 

Case 4. — K. W., a white female, age 54, was admitted to the Long Hospital, July i, 
1942, with a diagnosis of intestinal obstruction. She had had a pelvic operation 12 
years previously. The diagnosis of intestinal obstruction was confirmed and she was 
operated upon. At operation, a band of adhesions was encountered extending from a 
loop of small bowel to the right broad ligament. Beneath this band 97 cm. of small 
intestine had become strangulated and was gangrenous. It was resected and both ends 
of the bowel were anchored to the peritoneum and secured in the manner of a double- 
barrel enterostomy. The abdominal wall became excoriated after two weeks. The 
patient was placed upon a Bradford frame in the prone position. All excretions were 
collected in a bed pan placed beneath the enterostomy stoma. The excoriation became 
greatly reduced. 

Four days before the second operatioi\ for the closure of the enterostomy, the patient 
was scrubbed for eight minutes, in the manner previous described. On July 27, 1942, 
the wound was reopened and the ends of the bowel freed, inverted, and brought together 
by a lateral anastomoses. The peritoneum was closed with chromic No. 00 catgut and 
everted with interrupted mattress sutures. The muscle was brought together with 
interrupted sutures of the same material. The fascia was closed, with the same material, 
by an interrupted cross-stitch, with buried knots. The subcutaneous tissue was loosely 
approximated with No. 000 chromic catgut and a one-quarter-inch gap was allowed 
between the edges of this tissue. The skin was held with interrupted silk and it, too, 
was allowed to gape one-quarter inch. The skin edges remained apart although there 
was a minimal amount of infection. 

Secondary closure was undertaken under one per cent novacain anesthesia. The 
skin was cleansed with soap and water and washed with sterile normal saline solution, 
then brought together with interrupted silk sutures. The wound healed per primam. 

Case 5. — J. L., a female, age 26, was admitted to the Long Hospital in July, 1942, 
with the history that in September, 1940 a pelvic operation was performed elsewhere; 

15 days after the operation the incision opened and drained fecal matter; and this had 
persisted up to the time of admission. The diagnosis was postoperative fistula of the 
small bowel. 

The abdomen was scrubbed four days before the operation, as had been done in 
the previous four cases. Immediate preparation was exactly as in Case i. At operation, 
the fistula was excised and found to communicate with a loop of ileum. The opening into 
the bowel was trimmed away and turned in with silk sutures. The abdominal incision 
was washed with normal salt solution and was closed without drainage. The wound 
healed per primam. 

This study leads us to believe that stitch, subcutaneous and skin infections, 
generally, are less common in the repair of abdominal fistulae with preliminary 
scrubbing of the abdominal wall four days before operation, if attention is 
given to other factors in the healing of contaminated wounds. These factors 
(i) the avoidance of e.xcessive trauma; (2) washing of the wound wilh 
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the necessity for immediate preoperative preparation of the abdominal wall, 
nor the type of preparation which may be employed, nor does it imply that 
any of the aseptic precautions of modern surgery be relaxed. Our study 
shows that scrubbing the abdomen for eight minutes 24 hours before surgery 
with soap and water in the experimental animal or in the human patient, 
apparently does not increase the local resistance of tissue, or eliminate the in- 
vading organism sufficiently to prevent infection in surgical wounds in the 
presence of gross contamination. If carried out 96 to 120 hours before 
surgery it is, perhaps, useful in increasing local tissue resistance, although 
there is no direct proof of this. In the presence of gross contamination it is 
better to close the skin and subcutaneous tissue with a wide gap, as we 
have always done, or to leave it open entirely, as recently advocated by 
Coller and Volk.^° 

In all grossly contaminated surgical wounds there must be provision for 
drainage. This should be made without resort to drains which act as a 
foreign body and predispose to infection. 

A clinical study of so few cases is not conclusive. However, this is a 
preliminary report, written with the hope that others may help the author 
to properly evaluate the procedure. 

CONCLUSIONS 

1. The use of preoperative surgical scrubbing of the abdomen in patients 
with fecal fistula does not interfere with wound healing when employed 
96 to 120 hours before surgery. 

2. It probably afifords some increase in local immunity due to the stimula- 
tion of the blood supply. But it must never be relied upon to prevent infection 
in the presence of gross contamination. In such cases there must be pro- 
vision for skin and subcutaneous drainage by very loose closure and no 
drainage tubes. 

3. Scrubbing 12-24 hours before surgery has no demonstrable effect on 
local immunity. 
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CLINICAL USES OF VITALLIUM 
Charles S. Venable, M.D., and Walter G. Stuck, M.D. 

Sak Axtouio, Texas 

Since pioneer surgeons began to contrive operations of various types, 
there has been a keen interest in the use of metallic appliances to aid in 
supporting tissues. Metal cleft palate plates, hone plates, screws, wire, skull 
replacements, intestinal anastomosis tubes, cannulae, and many other metallic 
conti’ivances have been devised to aid the surgeons in reconstructing some 
defect in the body. Scores of implements made of nearly every known 

A 



Fig I. — (A) Curved mqtal plates and fiat-headed screws of Vitallium designed by Venable for 
use in bone surgery. (B) Sherman-type plates and machine screws made of Vitallium. (C) Vital 
limn screws of the wide thread type, made with Phillips recessed heads, which provide a much firmer 
grip for the screwdriver. (D) Vitallium bolts devised by Barr for fractures of the tibial plateau. 
(E) Vitallium washers, prepared to supplement bolts and screws in the fixation of fractures. 

metal have been conceived and utilized at one time or another. Nevertheless, 
in spite of this long search for suitable metal devices for use in surgery, 
there was slight success and metals came to be discarded because they 
seemed to be “foreign bodies” that were poorly tolerated by the tissues. 
With the introduction of the alloy, Vitallium, into bone surgery in 1936, 
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a metal which resisted chemical effects of body fluids eliminated the usual 
damage. Our first animal experiments on electrolysis of metals in the body 
were undertaken in 1935-36, wherein we came upon Vitallium, a dental alloy, 
which had been developed by the Austenal Laboratories because of its entire 
corrosive resistance to saliva. After demonstrating that Vitallium was 
inert or passive in the body fluids of animals, we had plates and screws 
made to use in human bones. The first clinical case was operated upon in 



Tig 4 — Rerij’s Vitallmm screws for fractures of llio 

111 indiblc. 



I'lG 5 - — Boswortli’s Vitalluim coraco 
claMCular screw 


September, 1936, and since that time hundreds of operations have been 
performed by many surgeons in which Vitallium appliances have been used. 
After six years’ experience in hundieds of cases, it is now well established 
that Vitallium is the most inert alloy currently used in surgery. As this 
record has become known, Vitallium appliances of dir'^erse types have been 
designed by surgeons in other fields than orthopedic surgery. It is this 
development which ve tvish to report to demonstrate the protean utility of 
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stiffness of the knee, and has generally given the victims much more com- 
fort and hope of ultimate recovery. These large hip nails and screws often 
came loose or had to be removed because of unfavorable reactions about 
them. However, since they have been made of Vitallium, irritation of tissue 
has been eliminated and the need for the second operation of removal 
markedly diminished (Fig. 2). 


A 



Fig. S. — (A) Geib-type Vitallium skull plate for the repair 
of cranial defects. (B) Vitallium strips devised by Claude Beck 
to cover defects in the skull. 

After removal of the head of the radius for comminuted fracture or in 
arthroplasties of the elbow, a Vitallium radial cap, designed by Kellogg 
Speed, has been found to facilitate motion and prevent excess new bone 
formation (Fig. 3). 

In fractures of the jaw. Berry has devised Vitallium screws which are 
anchored in the fragments to support them in the correct position during 
healing and to prevent displacement (Fig. 4). 
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and patient) and irritation that follow most other replacements. Geib devised 
a plate which was modeled to fit the defect under consideration, while Claude 
Beck developed various sizes of Vitallium strips which could be used without 
preliminary preparation (Fig. 8). 














/ 


Fig. 12. — (A) Smitn-Pcterscn Vitallumi rip caps lor repair of ankylosen 
joints or tbose in which there has been imic)i destruction of the joint surface. 
(B) AIbcc«Prcston Vitallium hip sockets for arthroplasty of the hip. 


Fig, 12(C). — Venable-type hip cap which is secured by flanges and screws to the neck of the femur 


The bridge of the nose often loses its bony support after osteomyelitis 
or congenital lues, which results in the classical “saddle nose” deformity. 
During plastic operations to repair the defect, a Vitallium support has been 
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ARTHROPLASTY OF JOINTS 

The problem of restoring motion to ankylosed joints has occupied the 
attention of surgeons for many years. Pieces of fascia lata, pig bladder, and 
fat, have been used with varying degrees of success as an interposing material. 
Since the introduction of Vitallium, metal appliances have been used to line 
the hip, knee, elbow, and finger joints. The most successful of these metal 
joints is the hip, because this joint is more simple mechanically and is better 
suited to such reconstructive procedures. Venable devised a fixed type of 
Vitallium hi]) cap, while Smith-Petersen has advocated the free floating 
type (Fig. 12). 

BILE DUCT TUBES 

Pearse and Clute have devised Vitallium tubes to place in the bile ducts 
for the repair of strictures or to replace irreparable damage to the ducts. 
This is the first material which has been found that will resist the action 
of bile and still cause no irritation to the adjacent soft tissues. The success 
of these bile tubes has opened new vistas in the surgical replacement or repair 
of damaged digestive or excretory organs (Fig 13). 

URETER TUBES 

The problem or repairing or replacing portions of a ureter requires that 
a tube will maintain its normal lumen without any incrustation and be free 
of any other irritative phenomena. Vitallium tubes have been used suc- 
cessfully for this purpose as well as for the maintenance of permanent supra- 
pubic cystotomies (Fig. 14). 


COLOSTOMY PLUG 

While a colostomy plug is not an application of metal within the body, 
still, it necessitates a material which will resist the intestinal contents and 
at the same time rest against the abdominal wall without causing irritation 
of the skin. Smith’s colostomy plug of Vitallium seems to meet all these 
requirements and to be far superior to any other materials which have 
been used heretofore (Fig. 15). 


SUMMARY 

It has been more than six years since we demonstrated the effects of 
electrolysis of metals in the body and introduced the inert alloy, Vitallium, 
into surgery. During this time, many uses have been found for Vitallium 
where a passive metal appliance was desired. While there are numerous 
devices which have been made of Vitallium that have not yet been reported 
by their sponsors, we are presenting some of those which are better known 
to show the wide range of usefulness of this metal. In many of these loca- 
tions, no metal has previously been available which could be used with suc- 
cess because of harmful electrolytic effects. 
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toneal cavity, which, in many instances, results in tlie serious complications 
of peritonitis. Frequently a small i*ent is made at the time of the second 
suprapubic opening of the bladder without the knowledge of the surgeon, 
and rather large amounts of infected urine escape into the peritoneal cavity. 

To prevent this complication of peritoneal contamination by urine, I have 
been transplanting the peritoneum, as a routine, in every primary supra- 



Fig. z. — Peritoneum fixed in rosition of liigli transplantation by one or more sutures placed 
through rectus sheath and bladder wall. 


pubic cystotomy for the past 25 years. I have experienced a great deal 
of satisfaction and comfort from the procedure herein described of per- 
manently transplanting the peritoneum high up and well back on the dome 
of the bladder, thus eliminating the possibility of tearing into the peritoneum 
when opening the bladder again, following a previous suprapubic cystotomy. 
The illustrations show that the first step, after the bladder is exposed, is 
to strip the peritoneal reflexion, over the bladder, upward as high as possible, 
and maintaining the peritoneum in this transplanted position by suturing 
the rectus fascia and sheath to the bladder at the highest point in the wound. 
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TRANSVERSE MEGACOLON ASSOCIATED WITH 
CHRONIC VOLVULUS 

CASE REPORT 

Louis P. River, AIajor, M, C. 

Foiit WouTir, Tkxas 
AND 

John A. Gubler, Lt., M, C., U.S.N.R. 

Noufoi.k, VinoixiA 

FROM THE DEPARTMENr OF SURGERY, I.OVOEA UNIVERSITY COI-I-EGE OF MEDICINE, AND THE COOK COUNTY 

HOSPITAL, CHICAGO, ILL. 

Few cases of congenital or adult inegacolon limited to the transverse 
colon have been reported.^ We have been unable to find recorded in the 
literature an}' case of chronic volvulus of such a megacolon. Striking 
parallelism exists, as might be expected, between the history, symptoms 
and findings in the case herewith presented and similar lesions of the cecum 
and sigmoid. 

In a communication on volvulus ok the cecum, River and Reed“ described 
recurrent obstructive episodes, characterized by slow progress, diffuse colic 
and tenderness, marked tolerance by the patient to the incomplete obstruction 
and great distention, and late vascular damage. Similar obser\'ations have 
been made regarding recurrent or chronic volvulus of the sigmoid, almost 
habitually associated with megacolon of that segment.'*’ ** In both diseases 
the dilatation and hypertrophy of the involved segment is evidence of a 
long-continued physiologic maladjustment, of which extrinsic causes such as 
cathartic habituation must be distinctly secondary. Anatomic variations such 
as hypo- and hyperfixation provide the opportunity for kinking. Obviously, 
it is impossible from this case to adduce evidence for other possible intrinsic 
etiologic factors, or to say whether the elongated thickened mesocolon or the 
heavy, hypertrophied transverse colon was primary. No organic obstruction 
was found at the splenic flexure. 

The enormous abdominal distention and respiratory distress seen in our 
patient agree with the conditions present in sigmoid volvulus. The radiation 
of pain into the right flank was probably because of pull on the parietal 
peritoneum at the hepatic flexure and distention of the proximal ascending 
colon. The pain in the right shoulder and down the arm was apparently 
the result of diaiffiragmatic irritation from the enormous pneumoperitoneum 
due to intermittent leakage through multiple small perforations. We are 
unable to explain how this happened without gross peritoneal contamination. 
About nine months elapsed between the first and second attacks observed by 
us, although the patient said that he had had them as often as once a month. 

Case Report. — J. V., white, male, age 58, a street car motorman, was admitted to 
Cook County Hospital at 10:35 a.m., July 21, 1941, with a diagnosis of acute intestinal 
obstruction. He complained of abdominal pain and distention beginning 18 hours 
previously, but stated be had had intermittent attacks of cramping pain at progressively 
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Physical Exaaiwation . — The patient was a large, obese male (240 lbs.), lying 
quietly in bed, not seeming acutely ill, with a barrel-like emphysematous chest and 
enormous soft tympanitic distention of the abdomen (Fig. i). (The apex of the abdomen 
was 42 cm. above the table). There were inconstant moist rales at both bases posteriorly. 
The liver was felt three fmgei sbreadth below the costal margin; there was direct and 
rebound tenderness in the epigastrium, no rigidity, masses, scars or herniae. There was 
moderate periumbilical venous dilatation and engorgement of numerous small veins on 
the abdomen. Tinkling, high-pitched bowel sounds, 5-10 per minute, not coincident with 
pain, were heard. 



]'ic 3. — Rule IS 15 cm. Mucosal aspect. Bowel is opened along mesenteric 
boulei 111 long aMs> 


The white blood count was 8,500 ; the urine negative ; blood sugar 1 50 mg. per cent, 
and icterus index 2 T. Fifteen hundred cubic centimeters of a two-quart enema were 
leturned highly colored. He was given mineral oil and enemata every two hours. Oil 
came through in four hours, but the distention became greater. The roentgenologic ap- 
pearance was almost identical with that seen in Figure 2 , and was interpreted by the 
junior author as volvulus in a Hirschsprung’s disease. He continued to pass oil. Ins 
tenderness decreased although the distention did not. Seventy-two hours after admission 
he was given 150 mg. of procaine intrathecally, and passed 5,500 cc. of liquid stool, 
with large amount of gas His abdomen flattened out. One week later he left the 
hospital apparently well. 

He was readmitted, April 12, 1942, at 3:55 p.m., six hours after a “normal” bowel 
movement. He had had increasing distention and diffuse aching pain for three days. 
The onset had been insidious; dyspnea and right shoulder pain had been severe; he 

788 



“’uajberj" 




had 


the 


^°ei}h 




The 


no 


natj^j 


abdo^ "'^^^ or 


V-, 


Oil 


'r/jej-g 

rio 


■'tfios 


. “V 


^Ppea 


enorr- 


nio- 




of 


njefj,^ 


rnjous 


hltji 


'-.e;r„7' 'e/;: 7^ «« 

=wS/‘’*'«'v </,e?’““« oT,:: ‘■'W 

"'1* ,‘ •^'’ Pass;,. ""' “ >Sa- f "“"Pon,. p/'^feon, ^ '■ '« K-as 


"■” '" PiJ° ""'’Paranca *, 


mfra„. 




OIJO} 




^enc/e 
hefor 
of 

rOfl'/on 
i''as 


iiery 


''"“Poaa «'P -nvo/J”' Pf 6o„,a, 

^es of 

■P^asf/c 



' a/ao'Zrf" Po,„„ 


Pafcf 


■’" '>aPa4''''°“7” 

■ ^^'0 /o^, P^rfor^r 

" "'^a antW ''*■ 


'"® npaufe 




'^^capec/ 


°o die 7n 

"'as "'d/i f 

Dur,-., 

‘'’nfured r °‘ding- . '■^> , ^^unds hn ^^^heter n ^nmni- ^'"OAiurr* 

6. ,°'’'< ,r* '«P/.o,v'" *fPce. l7«a. "■“ PPsiS'"-' PO.W'^H,. 

..,,,. c/o.,...' f/le e,.': "" <? S/io,^,^ P°S(c;-/or 

resecfe^; 


««Pa,;-7ac.ai4^,„,>P 


-OJ/II. .1,7 ■; A ■ def. T'"''®' 




SUj-f; 


, , ^Od, {/ 

-'p^p. :;r'-"pe 


accs 


oapfg 


■‘O’, 
"'cn 


^P^cituQ,, ■■'-■rc 
'' 'Spoiled 


Sfoo/s 


''o abrf 

ive/ ^ornpjg^ ^^hsfre 

e„ '''-"PPir^f SPaPaC ""^"rtns-a- 
.°"a and „ ’ " ”'"cosa 'is'7'”°'^'^=y a^w? “ 

t 89 '“""’"ppp,,-,,; ;.;;;“c..s. 


and 


fi-e 

no 


^’cre ,v 


n 


le 


"•a// 


d/an,.,;:’'''''^d u-if/i «'ar;,e^ 


dig 



RIVER AND GUBLER 


Annals of Surgery 
a y , 19 4 3 


SUMMARY 

1. Associated megacolon and volvulus of the transverse colon is compared 
with similar lesions of sigmoid and cecum. 

2. A case is reported demonstrating the recurrent or chronic character of 
this previously unreported lesion. 

3. The diagnostic importance of plain films of the abdomen is emphasized. 
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viously applied and by digital pressure over the openings within the sac. A soft rubber, 
No. 8 F. catheter, coated with vaseline, was inserted into the arterial lumen within the 
sac. Three layers of Lembert sutures of No. o chromic catgut through the walls of the 
sac, after the manner of Matas’ aneurysmorraphy, were applied and the catheter with- 
drawn. Pulsation of the radial artery at the wrist became full and bounding. The 
remaining portion of the sac -was dissected free and removed. The traction tape sur- 
rounding the brachial artery was withdrawn. The deep fascia was closed with con- 
tinuous, catgut sutures and the skin closed with interrupted silk without drainage. 

Recovery was uneventful except for a wound infection which was opened on the 
eighth postoperative day by removal of the sutures. The patient was discharged from 
the hospital, July 22, 1942, at which time the motor function of the right arm, forearm, 
and hand was good and the slight sensor3’^ loss over the median and ulnar nerve areas 
previously noted had disappeared. 

The patient was again seen, December 18, 1942, and the following notation made: 
“Function of the forearm, hand and fingers, not restricted. Radial pulsation at the wrist, 
good. No sensory or motor disturbances found. Wound healed. No evidence of re- 
currence of aneurysm.” 

Comment. — Aiieur3'smorraphy, as described by Matas, Bernbeim, and 
others, appeared to offer desirable therapy in this instance since the aneurysm 
was considered to have been produced following an injurj' to the arterial wall. 

The development of sensory disturbances along the median and ulnar 
nerves, together with swelling of the hand and fingers resulting from pressure 
effects upon the return flow of lymph, and the compression of the brachial 
vein, were indications for operative intervention. 

A significant incident of noteworthy interest was the freedom from 
serious complications that might have been expected from infection in an 
operative wound of this nature. Aside from induration and swelling of the 
tissues along the incision, which rapidly subsided with the free outlet of pus, 
complete recovery and restoration of function was uneventful. Chemotherapy 
was not employed, and was considered unnecessary, since drainage was 
adequate. 
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patient had noticed marked dyspnea on exertion and had been told she had heart 
trouble. No history of rheumatic fever was obtainable. The urine contained much 
albumin. R.B.C. 3,100,000. 

The swelling was incised, and a dark, bloody material was obtained. The swelling 
reoccurred and nothing was done until she entered the Cook County Hospital in 
March, 1938. Physical examination disclosed a large fluctuating mass, the size of a 
grapefruit, in the outer and upper third of the right fibula. The mass was tender, 
fluctuant in the center and indurated at the periphery. The overlying skin was dis- 



Fig. 3. — Roentgenogram showing the large Fig. 4. — Photograph of the ex- 
soft-tissue mass and destruction of the upper cised aneurysm filled with a lam- 
end of the fibula. inated hematoma. 


colored a coppery-brown, which faded towards the periphery, and the central part was 
covered over by a thick adherent scale. The superficial veins in the skin were very 
prominent (Fig. 2). Temperature 97.8° F. ; pulse 100; respirations 24; blood pressure 
1^6/88. Except for a slight enlargement of the heart, the remaining findings were 
irrelevant. Laboratory Data: Urinalysis showed albumin 2 plus, spr. gr. 1.008, sugar 
negative. Blood: Hb. 60%; W. B. C. 4,400. Blood Wassermanii negative. Clinical 
Impression: Osteolytic sarcoma of the fibula and auricular fibrillation. 

Roentgenologic examination of the right leg disclosed complete destruction of 
the upper end of the fibula and a marked soft-tissue swelling of the upper end of the 
tibia (Fig. 3). 
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thickening of the intinia, and the lumen partially filled by a recent blood clot. The 
adventitia is heavily surrounded by large numbers of polymorphonuclear leukocytes, 
round cells, and eosinophil leukocytes. The elastic stain shows a gap in the wall 
of the artery and partial replacement by scar tissue, and thus permits free communica- 
tion between tbe lumen of the vessel and the aneurysmal sac. In the lumen of the 
vessel is an organizing small piece of thrombus (Fig. 6). The fibula fragments of 
bone adjacent to the sac shows widely separated atrophic spicules. The bone marrow 
is fatty (Fig. fiB). There are no evidences of syphilis or malignancy in the numerous 
sections taken. Anatomic Diagnosis: Arteriosclerotic traumatic aneurysm of the an- 
terior tibial artery and erosion of the upper third of the fibula. Hypertensive heart 
disease with renal decompensation (clinically) and multiple hemangioma of the skin. 



Kig, 6. — Photomicrojjraph showing the large defect in the wall of the tibial artery. 
Note the marked sclerosis of the media and the thrombus in the lumen. 


Discussion. — There are so-called aneurysms of the bone which are usually 
located at the ends of the long bones and are called by Ewing^ telangiectatic 
sarcomata. These tumors are composed of large vascular spaces and show 
invasive malignant features. Another type of aneurysm of the bone may be 
due to the degeneration of a giant cell tumor which permits blood to flow 
through the large central spaces. These lesions are not aneurysms in the 
strict sense of the word, since there is not a rupture of the layers of a blood 
vessel. The true aneurysm shows a rupture in the adventitia, or adventitia 
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A METHOD OF PROLONGED VENTRICULAR DRAINAGE 
Albert S. Craavford, M.D.* and Ralph A, Munslow, M.D.* 

Detuoit, Micir. 

Occasionally it becomes necessarj'^ to establish ventricular drainage 
for a number of da3's or even several weeks. In such cases the greatest risk 
is of infection. This latter is most likely carried in along the catheter when 
it has to be manipulated because of stoppage of flow. 

Fig. 1. 



Fig. z. 

Fig. I.— Shows the apparatus on a boy of ii, with an unremovable midline glioma 
of the cerebellum. The drainage was continued until the deep X-ray therapy was 
completed. 

Fig. 2. — Shows the catheter and retaining-protecting apparatus assembled. Details 
are given in the text. 


* Albert S. Crawford, Division of Neurologic Surgery, Henry Ford Hospital, De- 
troit, Mich. Ralph A. Munslow, now Captain U. S. Army Medical Corps. 
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BOOK REVIEW 


Yr.AunooK of Industrial and Orthopedic Surcerv. Edited by Charles F. Painter. 
M.D. Yearbook Publishers, 424 pp., 302 ills., $3.00, Chicago, 1942. 

This compact and well illustrated edition deals almost entirely with orthopedic 
problems. Most of the articles are well siininiarized and the operative technic are fully 
described. The articles on acute hematogenous osteomyelitis emphasize the success of 
conservative nonoperative therapy using sulfonamides and adequate plaster immo- 
bilization. The therapy of chronic arthritis is well represented. Of special interest is 
the large number of reviews dealing with minor disabling conditions of the shoulder 
girdle. More than one quarter of the hook is given over to fractures and traumatic 
dislocations — the newest methods of treatment arc described and illustrated. The section 
on industrial medicine and surgery has several reviews dealing with the general problems 
of industrial health. These are followed by articles discussing specific hazards in the 
various industries. Taken as a whole the book presents good summaries of the ortho- 
pedic and industrial health literature of the past year. 

ITknrv S a ETON. stall, kf.D. 
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ANNOUNCEMENT 

Announcement is made by the American Urologic Association that the annual 
prize of $500 will not be awarded this year. Because of government restrictions) on the 
holding of medical conventions except those primarily of military interest, the meeting 
of the American Urologic Association, which was to have been held in St. Louis, is 
cancelled. — Committee on Research, American Urologic Society. 
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MANAGEMENT OF THE COCOANHT GROVE BURNS 

at TIIK 

MASSACHUSETTS GENERAL HOSPITAL 

FOREWORD 

On Saturday evening, Noveinlier 28, 1942, almost a year after America 
entered the war, a disastrous fire occurred in the Cocoanut Grove, a Boston 
night club. As a result, 491 people lost their lives and many were injured. 
Of the casualties, dead and living, 114 were brought to the Massachusetts 
General Hospital within a period of two hours. Had such a catastrophe taken 
place before Pearl Harbor, the hospital would have been swamped. As it was, 
the injured found the staff prepared, for the war had made us catastrophe- 
minded. The hospital was well prepared, partly as a result of the foresight 
of Dr. N. W. Faxon, Director, and of Dr. E. D. Churchill, Chief of the West 
Surgical Sendee, who had given careful thought to the problems of the 
hospital faced with a disaster ; and partly to the good fortune that an active 
research program in burns was in progress at the hospital. 

Early in 1942, two research projects were undertaken at this hospital 
under contract with the Office of Scientific Research and Development of 
the United States Government. One dealt with infections in compound 
wounds and burns, and the other with the physiology of burns. In both of 
these projects a number of the staff had taken part. All patients with burns, 
whether on the public or private wards, were used in the study. Modes of 
therapy were tried out and discussed at repeated staff conferences. A plan 
of therapy for burns, suited to use in a catastrophe, was developed and 
decided upon. When the victims of the Cocoanut Grove fire arrived, the 
treatment was ready and it was applied to all. 

As in many disasters, the type of injury encountered in the casualties 
of the Cocoanut Grove fire conformed to a pattern. The lungs and airways 
were severely damaged, perhaps both by heat and irritating gases. The 
external burns were for the most part limited to skin surfaces not covered 
by clothing. Even the burns of eyes were of a pattern, the lower half of the 
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cornea of both eyes. In spite of the crowding and panic, there were no 
fractures. 

The injury of the lungs presented the most pressing problem of therapy. 
The complications encountered were similar to those resulting from inhala- 
tion of certain war gases. They were also like those described following 
the disastrous fire at the Cleveland Clinic in 1929, believed due to toxic 
nitrogen gases released from burning roentgen films. This Cleveland dis- 
aster has come to be considered unique, for as a result of it the chemical 
content of roentgen film had been changed and all old film destroyed through- 
out the country. From the experience of the Cocoanut Grove fire, we know 
that such pulmonary complications are to be found not solely in warfare, 
but may be encountered at any moment in civilian life. The experience with 
these unusual lung complications is worth}' of recording. Valuable material 
has been gathered dealing with the nature of the pathologic processes. The 
Massachusetts General Hospital and Harvard University have given un- 
stintingly to insure a reaping of as much useful knowledge as possible. 

The treatment used on the burns of the skin was unorthodox but the 
results were gratifying. Its simplicity has much to recommend it when large 
numbers of burns are encountered in a disaster. Because the method should 
prove of interest to the Armed Forces and to those charged with the re- 
sponsibility of caring for civilian catastrophes, it deserves description par- 
ticularly at this point of the \\'’orld War. 

The monograph has been arranged as a series of papers by the members 
of the staff who were responsible in their particular fields. The first three 
articles deal with the problems of administration and psychiatry peculiar to 
a civilian disaster. The next four recount the course and treatment of the 
lung injuries. The last five deal with the various aspects of the surface burns. 

A brief protocol of each case, numbered consecutively, follows the last 
article. The same case numbers are used tbroughout all articles. Where 
cases are referred to and no details are given in the article, they are to be 
found in the protocol. 

The authors dedicate this monograph to all those who labored with 
them yet remain anonymous, and to Dr. Churchill who guided us before he 
was called to serve in the Army. 

Oliver Cope, M.D. 

The Massachusetts General Hospital acknowledges with gratitude the aid of the 
Josiah Atacy, Jr. Foundation in sharing the cost of publication of the colored photographs. 
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called to the Emergency Ward; Teams for Burns and Resuscitation were 
summoned ; members of the visiting staff, nurses off dut}^ social workers, 
volunteers, orderlies, and others were notified. By 11:15 nearly the 
entire organization had been assembled, and volunteers continued to arrive 
during the night. 

The Emergency Ward was immediatel}'^ cleared of all other patients, but 
it was soon realized that its facilities would he overtaxed, and the sixth floor 
of the White Building, containing 40 beds, was evacuated. Thirty surgical 
patients were removed to other beds in the hospital. 

Between 10:30 p.m. and 12:45 114 casualties were received. Of 

these, 75 were either dead on arrival, or died within the first few minutes 
of uncontrollable anoxia. 

The 39 living patients showed, besides burns of var3Mng degrees, the 
effects of cold, exposure, fright, shock, and partial asphj'^xia. Clothing was 
dripping wet, exposed surfaces grimy and blackened. Some were quiet 
and cooperative. A few were comatose, others were greatly agitated, 
requiring restraint. In some this was due to hysteria; in others to cerebral 
anoxia (lack of oxygen suppl}'' to the brain). There was little or no evi- 
dence of intoxication. There were no fractures and only slight trauma 
of soft parts. 

Wet clothing was immediately removed; burned surfaces covered with 
sterile towels and the patients wrapped in blankets. Morphine was given 
subcutaneously to all. 

Meanwhile, four members of the House Staff had been stationed at the 
entrance of the hospital to determine whether those admitted were living 
or dead. Those pronounced dead were carried directly to an emergency 
morgue established in the large Brick Corridor; the bodies covered with 
sheets and the area screened off. 

Some of the dead showed no burns ; others showed burns of varying 
degrees, but death evidently had come from asphyxia in most cases. Many 
showed the cherry-red color indicative of carbon monoxide asphyxia. A 
few were severely burned ; one almost be^'ond recognition. Identification of 
the dead was started at once, and all but two of the men were identified by 
5 :oo A.M. Identification of the women was ver}'- difficult on account of the 
lack of identifying data in their clothing. They were identified only by direct 
inspection by relatives or friends. 

Preliminary treatment having been given to the living in the Emergency 
Ward, they were moved to White-6. By i :30 a.m. all the living, 39 in 
number, had been put to bed in this ward. Burns had been dressed, shock 
was being treated, and asphyxia cases given oxygen therapy. The Emergency 
Ward was cleared and ready for more admissions. Thirty of the 39 patients 
had surface burns of clinical significance and many showed evidence of 
damage to the respiratory tract. In some this was ver}'^ severe. In some 
cases it developed 24 hours later. In one case artificial respiration was 
required for the first six hours. The patient recovered. Five cases required 
tracheotomy and in one or two tracheal intubation was performed. 

804 





NATHANIEL W. FAXON 


Ajmah t)f Jinrcrrv 
•Ml 11 c , 19 4 3 


available that night, five times in all in the first 24 hours. Determinations 
of oxygen and carbon dioxide content of blood, oxygen capacity, nonprotein 
nitrogen, prothrombin time, blood chloride, phosphorus, sodium, and other 
tests, including various bacteriologic examinations, were also made. 

The pathologic laboratory was called into action in making tissue examina- 
tions and later in performing autopsies. 

Invaluable service was rendered by members of the Social Service De- 
partment. They helped in various places where needed. Their training and 
skill in dealing with people emotionally disturbed fitted them for the trying 
tasks of interviewing distracted relatives and friends of patients, and in 
answering innumerable telephone calls. They also helped in the identification 
of the living and the dead. 

The services of volunteers from the Ladies’ Visiting Committee and 
the War Service Committee proved of great value. They were persons of 
poise and they knew the hospital. 

Medical students assigned to the hospital, together with a group of 
Harvard undergraduates who had been doing volunteer work as orderlies for 
six months, some of whom were on duty, and others who came in afterwards, 
rendered valiant aid that night and thereafter. They also knew the hospital. 

The Red Cross functioned smoothly in the emergency. The motor corps 
brought casualties to the hospital. The Nurses’ Aides were of immediate 
assistance that night, and the next day large numbers replaced and relieved 
regular nurses on duty in other parts of the hospital. The Red Cross 
Canteen, in connection with the hospital dietary department, seiwed coffee 
and sandwiches during that night, which was a great help in sustaining energy 
and morale of workers and giving comfort to relatives and friends. 

Many private nurses from Baker Memorial and Phillips House contrib- 
uted their services during spare time. 

The Massachusetts Women’s Defense Corps sent volunteers who aided 
in identification and also were of great help with the Blood Bank. 

Over 100 outside nurses from neighboring institutions volunteered and 
were put to work. 

The regular staff of the hospital, administrative, medical, surgical, and 
special, nurses, orderlies, technicians, telephone operators, secretaries, dieti- 
tians, porters, maids, and maintenance personnel labored long hours at night 
and Sunday without stint. 

In conclusion, it may be said that the hospital organization met the 
emergenc}^ adequately and well. Much credit should be accorded to the 
Civilian Defense organization for having made the hospital “catastrophe 
minded” beforehand. There was no shortage of supplies or equipment 
of any kind. ’ ■ ' | ( ' ^ ^ . 

Ill — WE LEARN FROM OUR MISTAKES AS AVELL AS FROM OUR SUCCESSES. 
AVHAT HAS THE MASSACHUSETTS GENERAL HOSPITAL LEARNED FROM THE 

COCOANUT GROirE DISASTER .= 

I. First of all, we have learned the I’-alue of anticipation and preparation. 
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be consulted as soon as possible and his directions followed. If he so directs, 
identification of the dead may he carried out. The name of the dead person 
can then be added to the tag. Also, at that time, valuables, pockethook and 
cards may be placed in an envelope bearing the same number as the tag and 
attached to the left wrist. No jewelry should be removed. 

However, if the Medical Examiner so directs, a complete list of all 
valuables can be made by two persons, one preferably a police officer; the 
valuables placed in an envelope, signed b}'^ the two persons and placed in 
a safe. 

8. A list of living casualties and a list of identified dead should be 
prepared as quickly as possible and sent to the Information Desk. There it 
should be arranged alphabetical!}' ; several typed sheets prepared, and the 
information given to the police and press. All inquiries should be directed 
to this Central Information Desk. 

9. In a disaster of this type, where the injuries were all of the same 
kind, the importance of concentration of casualties in one group in one ward 
or floor where they can be under concentrated medical treatment and where 
isolation procedures may be set up if needed, was clearly demonstrated. 

In this disaster, a problem was presented by the abrupt and unexpected 
confinement in the hospital of 39 seriously injured people of private patient 
status. Isolation precautions were considered imperative and this had to 
be explained to anxious families. Many requests were received for transfer 
to private rooms for private medical care at the hospital or other institutions. 
The policy was immediately announced that visits from family doctors or 
consultants at the request of patient or family would be welcomed. The 
local medical profession cooperated whole-heartedly. Doctors visited their 
patients, reassured them and advised them under no condition to consider 
removal. Medical information which had a bearing on their present con- 
dition was often given to the Staff. 

It is the mature judgment of those who cared for these patients that 
this concentration and this isolation prevented, to a large degree, respiratory 
complications and permitted better ti'eatment. Doctors, nurses, equipment 
and supplies were concentrated here, quickly available for emergency treat- 
ment. Time and labor were saved. 

10. It is desirable to obtain speedily police assistance to control yard 
traffic and to guard hospital corridors and morgue. 

11. The serving of coffee and sandwiches by the Dietary Department 
and the Red Cross Canteen was valuable in sustaining energy and morale 
of workers and comforting waiting relatives and friends. 

12. Finally, we have learned the value of constantly maintaining, for 
use in peace or war, a hospital organization for the handling of emergency 
disaster; also the collection of an ample quantity of emergency supplies. 

“An emergency anticipated and prepared for ceases to be an emergency,” 
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inquiries. Being al the hospital entrance, it was here that a restless throng 
soon assembled. Members of the press and police eager for lists of victims, 
representatives of army and navy seeking identification of their men, blood 
donors in great numbers responding to the urgent radio appeal. One zealous 
young man brought in several groups of jirospective donors he had enticed 
from passing street cars. These people, at first directed to the Blood Bank 
Station, were later sifted b}^ a responsible volunteer by questions of time 
of latest food and liquor intake. 

To get some idea of the pressure at the Information Desk, one must 
realize that while the doctors and nurses were absorbed in giving care to 
the living victims, and the Administration was wrestling with the i^roblem 
of an improvised mortuary for the 75 dead, the community was being aroused 
to the magnitude of the tragedy by radio and swift traveling news. Families 
and friends were setting out anxiousl}' to locate some 650 missing persons. 

The listing and reporting of the 75 dead in the improvised mortuary 
were delayed partially aw'aiting authoritj' from the Medical Examiner, and 
also because of the serious difficult}' in identification. The process of 
identification w'as shared by the police. Women’s Defense Corps and various 
hospital personnel. Most of the men had identification in their pockets. 
These w'ere listed and reported. But the w'omen, who were mostly in evening 
dress, w'ere without handbags or coats. Their clothing was often torn and 
burned. Jewelry proved to be an important means of identification. 

In increasing numbers through the early morning and into Sunday 
afternoon the anxious relatives and friends came, some from considerable 
distance, singly, but more often in groups. For some their visit here was 
the first effort to find the missing victim. Some of them had already checked 
with the Master File and knew' that there w'as no evidence that the one they 
sought W'as among the living. Some had already made the rounds of the 
mortuaries. The major task of the Social Service Department at the hos- 
pital entrance was meeting and interview'ing these relatives and friends of 
those seeking victims. Some 175 interview's w'ere recorded. In spite of 
extreme tension, shock and physical weariness these men and women acted 
W'ith great dignity and restraint. There w'as no hysteria. In comment on 
the technic for handling the situation, we note that the inquirers aw'aiting 
interview were restless and needed to move about. Many w'anted to smoke 
and were not denied. They w'ere interview'ed in turn by the Social Service 
Staff. For the interview w'hich served as some release of tension, they 
W'ere seated and in a separate room, w'hich gave some privacy. The inter- 
view' in introduction followed something of a pattern : The name of the 
victim sought, relation to inquirer, a review of list of living. Although in 
some instances this w'as a repetition of review at the Information Desk, 
another search for the familiar name was anxiously sought. Hope lingered. 
Then after explanation that there were unidentified dead, w'e proceeded to 
get age, height, w'eight of victim, whether blonde or brunette, description of 
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cumulated was useful to the doctor in dealing with problems of when and how 
to inform the patient about the death or condition of other members of the 
family or party. 

On direction of the Administrator on duty, incoming mail to patients 
was opened, read, and wherever there was question about I'eading certain 
messages to a patient, the approval of the doctor was secured. Many patients 
had bandages over their faces which prevented use of their eyes, and so it 
was important to read mail to them. Messages, letters and telegrams from 
patients were handled by Social Service for them. 

Practical problems distressed patients and needed attention. Among 
these were witnessing a will, attending to insurance papers, inquiries about 
clothing and valuables, transfer of automobiles left near the scene of the 
disaster, job adjustments and communication with emjjloyers, letters to be 
written, household arrangements such as messages to maids at home, care 
of pets, liaison with army and navy authorities. Discrimination was neces- 
sary as to what could be handled b}’ tbe social worker and wbat needed 
clinical or administrative sanction. There was need for some exercise of 
judgment and counseling also in relation to the patients’ or families’ requests 
which under the stress of the situation sometimes showed hasty ill-advised 
decisions. 

On the third day, at the request of the staff doctors, the social worker 
on duty accompanied the doctor as he interviewed relatives who were still 
excluded from the ward. This interview served to establish in the visitors’ 
minds the fact that the social worker was working with the doctor and 
that she could be used for interebange of messages and interpreting tbe 
patient’s condition. A special attempt was made to relieve tbe emotional 
stress of tbe relatives by giving them an opportunity to talk. Some of 
them had special need for this. For instance, the father summoned from a 
distant city because of the imminent death of his daughter but arriving 
too late to clear up a misunderstanding between tbe daughter and her mother. 

By previous agreement one of the Social Service Staff had been appointed 
liaison with tbe Red Cross Disaster Relief. Tbeir resources had been 
promptly offered. Although most of our patients were in comfortable 
economic circumstances there were some serious and urgent needs for 
advice and guidance in meeting the necessary adjustments, especially for 
families at a distance. Daily intercommunication with the Red Cross was 
established early. Their generous outpouring of helpfulness, material and 
friendly, is another story. 

Under the urgency of a disaster such as this the focus of clinical concern 
of the physician and nurse is sharpened, the area of attention markedl}’’ 
restricted. At the same time the personal and social aspects of the patients’ 
problems are especially acute and distressing. For them the experience of 
sudden shift from welFbeing and gaiety to painful and serious injury, and 
for many the death of some loved ones, created deeply disturljing complica- 
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NEUROPSYCHIATRIC OBSERVATIONS • 

Stanley Cobb, M.D., and Erich Lindemann, M.D. 

FROM Tlin DHPARTMENTS OF PSVCHIATRV, MASSACHUSETTS GENERAL HOSPITAL, AND OF NEUROPATIIOLOGV 

HARVARD MEDICAL SCHOOL, BOSTON, MASS. 

Tiiii; STUDIES to be reported here do not deal with all the neuropsychiatric 
abnormalities which occurred on the Disaster Ward. Mild transient confusions 
and delirious conditions, fluctuations in consciousness, fleeting periods of 
restlessness were handled h}' surgeons and medical men without the need 
for a special psychiatric inquiry. 

This report deals rather with the problems involved in the emotional 
adjustment of the patient to the disaster, with all its imiilications — dis- 
figurement, lasting disability, loss of work, bereavement, and disturbed 
social situations. We wanted to learn how to recognize those patients who 
are liable to emotional disorders, to prevent such disorders if possible, and 
to help those who had become victims of untoward emotional reactions. 

The first request for psychiatric help came through the social workers 
who were serving as liaison personnel with relatives and friends. They 
soon had become aware of the fact that the emotional upset which followed 
the discovery of a body had attained, in some of the relatives, the proportions 
of a major psychiatric condition and needed trained intervention, and it was 
at their insistence that we first witnessed the states of acute grief which will 
be discussed in detail later in this study. 

From observing violent reactions in the relatives, we concluded that 
similar reactions might occur in the patients on the ward as soon as they 
were recovered enough to deal with the disruption of their social relationships. 

The social workers continued to confer with the psychiatrist about the 
management of milder reactions and were extremely helpful in the arrange- 
ment of the subsequent systematic studies. 

On the eighth day after the disaster, the psychiatrists were invited to 
review all patients still on the ward. The occasion was a dramatic psychotic 
episode in a woman who had not been confused and was not then showing 
signs of impairment of brain functions, but who had responded to the news 
of the death of her husband and son with a state of excitement and intense 
paranoid suspicions about the ward personnel. She also believed that nurses 
and doctors were considering her an immoral, sinful person and were 
plotting to detain her and to prepare for her punishment. She insisted upon 
leaving against the advice of the physicians and was able to persuade mem- 
bers of her family to demand her release. Psychiatric inquiry showed that 
this patient had had a former episode of mental abnormality with obsessive 
fears, depression, and mild agitation. Follow-up reports show that her 
subsequent adjustment has remained quite precarious, with spurts of over- 
activity alternating with periods of apathy but that she has not developed 
any frank psychosis. 
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sphere seems to have been especially affected and the temporal lobe seems to 
have been largely spared. The worst lesions are probably in cortical areas 
19> 39> 9> io 11, on both sides, with the lower ])arl of areas 4 .and 6 on 
the left. The right striatum is probably degenerated more than the left, but 
most of the damage to the basal ganglia seems to have been acute and 
reversible. 


I’.SVCIIOTIC CONniTION.S PUl.MAHILY PSYCIIOGENUC 

d'wo patients developed frank psychotic episodes and in both instances 
the former histoiy showed clear-cut indication of previous maladjustment: 

A young man had received only minor burns and left the hospital appar- 
ently well on the road to recovery just before the psychiatric survey took 
jilace. On the fifth day he had learned that his wife had died. He seemed 
somewhat relieved of his worry about her fate and impressed the surgeon as 
being unusually well-controlled during the following short period of his stay 
in the hospital. There seemed to be no occasion for any ]JS3Thiatric attention. 

On January i he was returned to the hospital by his famil)^ Shortly 
after his return home he had become restless, did not want to stay home, had 
taken a trip to relatives trying to find rest, had not succeeded, and had 
returned home in a state of marked agitation, appearing preoccupied, fright- 
ened, and unable to concentrate on any organized activity. The mental status 
presented a somewhat unusual picture. He was restless, could not sit still or 
participate in any activity in the ward. He would try to read, but drop it 
after a few minutes, try to play ping-pong, only to give it up after a short 
time. He would try to start conversations, break them off abruptly, and then 
fall into repeated murmured utterances: “Nobody can help me. When is it 
going to happen? I am doomed, am I not?” With great effort it was pos- 
sible to establish enough rapport to carry on conversations. He complained 
about his feeling of extreme tension, inability to breathe, generalized weak- 
ness and exhaustion, and his frantic fear that some terrible thing was going 
to happen. “I’m destined to live in insanity or I must die. I know that is 
God’s will. I have this awful feeling of guilt.” With intense morbid guilt 
feelings, he reviewed incessantly the events of the fire. His wife had stayed 
behind. When he tried to pull her out, he had fainted and was shoved out 
by the crowd. She was burned while he was saved. “I should have saved her 
or I should have died, too.” He complained about being filled with an incred- 
ible violence and did not know what to do about it. The rapport established 
with him lasted for only brief periods of time. He then would fall back into 
his state of intense agitation and muttering. He slept poorly, even with large 
sedation. In the course of four days he became somewhat more composed, 
had longer periods of contact with the psychiatrist, and seemed to feel that 
he was being understood and might be able to cope with his morbid feelings 
of guilt and violent impulses. On the sixtli day of his hospital stay, however, 
after skillfully distracting the attention of his special nurse, he jumped 
through a closed window to a violent death. 
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puberty. These consist of trembling, heart palpitation, choking sensations, 
and the fear of impending disaster. She had not obtained any adequate help 
for her psychoneurotic symptoms and restricted her social activities and 
occupational plans because of them. She had come to consider her life a 
failure. The Cocoanut Grove incident had seemed to her the final fulfillment 
of all her fears. During her convalescent period in the hospital she was a 
very cooperative, if somewhat discouraged patient. Except for her timidity 
and anxiety, she had no emotional difficulties during her hospital convales- 
cence, but after she left the hospital she was unable to make a satisfactory 
home adjustment. She feels too disfigured, believes she has no chance for 
further happiness, and is hopeless about the future. She is being continued 
in regular psychotherapeutic interviews. 

The other patients did not show any significant history of previous psy- 
chiatric difficulties. None of them had positive symptoms of neurosis, psy- 
chosis, or personality defect. 


RK.VCTIONS TO BEREAVEMENT 

Seven patients became problems of psychiatric study and management 
because their recovery was complicated by severe grief. I'his study provided 
an unusual opportunity to observe the mechanisms of grief by which the 
bereaved person reestablished his equililirium after the loss of a beloved. 

Within a few days after the incident, as soon as the patient recovered 
from the shock and clouded consciousness, the question arose of when to tell 
him about his loss. It was obvious that both the physical and mental condi- 
tion must be such that the individual could tolerate the message. 

Our observations concern seven bereaved patients. Three of them said 
that they had been told just at the right time. Three felt that they had been 
reasonably certain of the loss and the final confirmation appeared as a relief 
of uncertainty rather than as an additional shock. One patient suspended all 
inquiry about the details of her husband’s fate for more than four weeks, 
deliberately occupying her thoughts with personal friends and pleasant fan- 
tasies and recollections. When, however, her relatives visited her, they 
became more and more uneasy because the range of topics discussed in con- 
versation was necessarily small. Any reference to the lost j^erson and any 
attempt at planning the future had to be avoided. It finally became the 
psychiatrist’s task to confront the patient with the sad news. This was done 
in the slow process of gradually recalling to her the details of her family 
life, her relationships to her children and relatives, and making it inescapable 
for her to inquire positively about the fate of her husband. Her first reaction 
was to blame her relatives for withholding the news and in the subsequent 
interviews there was a marked hostility against the psychiatrist. After a 
grief period of less than a week she continued to make an unperturbed recov- 
ery so far as her physical condition was concerned. She has refused any 
further relationship with the psychiatrist but has apparently made a fairly 
good adjustment at home. 
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GRAPHIC REPRESEI^TATIONS OF ACTION-SILENCE 


Figures i to 7 present interaction chronograms wliich show the striking differ- 
ences in activity rates observed in patients with acute grief and in those suffering 
from other forms of morbid deiiression. 

Figures 2 and 3 represent mood disturbances whicli were seen in the Psychiatric 
Service. Tlicy showed depressive reactions witli tlie usual slowness of response and 
underactivit3^ Figure 4 shows a patient who was found in a mild manic state of 
overactivity with euphoria aird cheerful thought-content. Contrary to expectations, 
the interaction chronograms of bereaved patients, as shown in Figures 5, 6 and 7, 
show overactivity and no retardation and slowness of response as seen in other 
depressed states. 


SCHKiMATIC KKi'RKSENTATIOiV OK TAI’E, FIG.S. i TO 7 INCEUSIVE 

To show actions, silences, double actions, and double silences (double actions and double silences 
reckoned from Subject A). 


< 


DIRECTION OF TAPE 


SUBJECT A 



SUBJECT B 


SCALE I 1 l’» 10 SECONDS 

0 10 


Fic. I shows the various symbols assigned to dilTerent events in interaction. (A) — activity (ver- 
bal or gestural), (S) — silence (inactivity), (u) — double action initiated by the patient (such as 
verbal interruption), (v) — double action initiated by the doctor, (\i ) — double silence due to failure 
to respond on part of the patient, (.x) — double silence due to failure to respond on part of the doctor. 

A bar over the 11, v, w, or x (u) indicates double actions or double sileiioes after Mhich the 
patient continues. 

Tht tape moves at a speed of five inches per miiiiite. An observer sits behind the screen and 
observes through a one-uaj uiiidow. She records on the nioiing tape by means of kej'S the activities 
of the two participants in the interview under the headings mentioned above. This tape is then 
mathematically analysed to give the curves shown in Figures 2 to 7. 


Figures 2, 3, 4, 5 , 6 and 7 are graphic presentations in “cumulative series” of 
four types of relationships : 

(1) A-S represents the relationship of the patient’s periods of activity to his 
periods of silence. The more overactive he is tlie more positive is the slope of the 
A-S curve ; the more underactive he is the more negative is the slope of this curve. 

(2) u-w represents the relationship of the ptaient’s double actions (such as his 
interruptions of the doctor) to his failure to respond. 

(3) v-x represents the relationship of the doctor’s double actions (such as his 
interruptions of the patient) to his failure to respond. 

(4) 0-0 represents the relationship of the patient’s initiations of actions to those 
of the doctor. 
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chiati7 has been interested in the physiologic and psychologic aspects of 
acute grief. Since acute grief is one of the most frequent psychogenic fac- 
tors found in patients with psychosomatic disorders, such as asthma, colitis, 
and rheumatoid arthritis, we have been anxious to discover what physiologic 
features of grief might play a role in contributing to the etiology of these 
disorders. 

]n the fire victims there was evidence of disturbances in autonomic func- 
tions. The pupils were generally large. During the surges of acute grief 
described above, there was usuall}' sighing respiration, “hot waves” to the 
head, flushed face and perspiration. Systematic spirograms were not satis- 
factory because of the chest involvement. We have, however, been able to 
carry on observations in bereaved relatives who showed the same sighing 
respiration. The result of these studies will be reported elsewhere. There is 
indication that the altered respiratory activity, combined with the disturbance 
of sleep and appetite, may form the nucleus of a physiologic disturbance 
which forms the background for the “emotional distress” described by the 
patients. 

Our data are somewhat more complete for the study of the amount of 
activity presented by the fire victims and bereaved patients. It is known 
that in states of morbid depression a patient is likely to be “retarded” in 
speech and action. Contrary to expectation, in the state of depression and 
unhappiness following such a disaster experience, there is not a reduction in 
activity as is seen in cases of psychotic depression ; instead there is an 
increase in need for activity. This can be strikingly demonstrated by a new 
measuring device, the “interaction chronogram.” The patients were examined 
during a psychiatric interview for the timing of their verbal and gestural 
activity. A record was made in this way of their interaction with the psychia- 
trist and a graphic presentation was furnished, showing the balance of activ- 
ity and inactivity at an}'’ given time. These graphs furnish an objective 
record of the patient’s capacity to be active, of his hesitations after questions, 
and of his tendency to “out-talk” the examiner in conversation. We found 
that all bereaved persons examined, showed a positive slope of the action- 
silence curve, indicating a surplus of activity over inactivity (Figs. 1-7) • 
(For a brief description of procedure see Figure i ; for a complete descrip- 
tion. ref. Chappie and Lindemann.^) 

This finding is of special significance because it indicates a drive for 
activity in individuals who at the same time complain about apath}'-, inability 
to initiate any action, and lack of interest in their ordinary pursuits. Our 
observations seem, to indicate that there is a good deal of drh'e for activity 
and the lack of “conduct patterns” by which to express their drive. A good 
manv daily activities were conditioned to the presence of the deceased and 
could no longer operate. But more than that, other activities not obviously 
connected with the presence of the deceased have lost their meaning and are 
carried out only with difficulty. It is, therefore, not surprising that onl}'’ 
two of our series of mourning individuals were able to resume their ordinary 
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was available; the days were ones of utter bewilderment, ofifering no frame 
of reference. It might be advisable to have the ward personnel as small as 
circumstances permit or so divided that patients have a chance to deal with 
the same person repeatedly. 

The second phase deals with the jjsychiatric care of the convalescent 
patient, advising him in his transitory jiroblems, determining when messages 
should be delivered or revelations made, and managing with the patient his 
efiforts to readjust. 

The third phase deals with the psychiatric care of the convalescent patient 
after he leaves the hospital and his proper readjustment in the community. 
We can, in this manner, have reasonable hope of preventing the occurrence 
of prolonged maladjustment or traumatic neurosis. 

During the first phase, the ps3'chiatrist's chief contribution is his aid to 
the relatives and his counsel to the medical social worker who is dealing 
with the numerous problems of family and work relationships. During the 
second, he is intimately 'involved with the internist and surgeon and must 
continue his contact with the social worker, which becomes even more impor- 
tant during the third, when social readjustment forms the center of interest. 
Throughout the whole of the three periods, not the least of the psychiatrist’s 
responsibilities is determining what can safely be delegated to the medical 
social worker and guiding her in her efiforts. 

It seems fair to conclude that it is desirable to have psychiatric evaluation 
of patients early in the eourse of their hospital care, continued psychiatric 
attention to those patients who are in a ijrecarious emotional state, and. 
lastly, aid in making readjustment, especially to bereavement, after leaving 
the hospital. 
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to influence the behavior obsen^ed of those who had no injuries and doubtless 
were also a factor in the behavior of many of those with physical injuries as 
well. It will be recalled that this disaster occurred in a night club at about 
10:15 Alcohol in some cases doubtless contributed to the exciteriient 

and the lack of self-control. The panic of the crowd and the physical pain 
and discomfort shared in producing the hysteria observed. 

(3) Anoxia. — Cerebral anoxia is well known to give rise to excitement, 
occasionally to loss of self-control, and at times to manic behavior. This 
sequence is not infrequently encountered in chronic heart failure. Anoxia was 
probably a factor in our patients due to two main causes : ( i ) Interference 
with oxygen intake from obstruction of the airway was caused by a number 
of factors, for example, foreign bodies, chiefly vomitus. (This was a common 
hazard in the comatose but not in the hyperactive group.) Severe bronchial 
spasm occurred from pulmonary irritation caused by inspiration of the hot 
and noxious gases and probably interfered with the intake of oxygen. Edema 
of the airway developed into a problem beginning chiefly about four hours 
following the burns. How much of a lethal factor edema of the airway was 
in those who lived only a few minutes, is uncertain. (2) Impairment of 
oxygen transport by the blood was a factor in the development of anoxia 
largely as the result of the formation of carbon monoxide hemoglobin. 
Neither methemoglobin formation nor hemolysis as the result of encounter 
with noxious gases was a factor in our cases. While acute anemia must 
always be considered as a cause of cerebral anoxia, neither hemorrhage from 
associated wounds nor low blood pressure from shock was important here. 
In about one-third of the patients measurement of the blood pressure was 
not carried out because of interfering burned areas. Judging from other 
clinical signs these patients were not in shock. Where it was possible to 
measure blood pressure, two patients were found to have brief periods of 
hypotension ; but frank surgical shock did not develop in any of the 39 
patients. 


THERAPY OF THE CAUSES OF HYPERACTIVITY 
The importance of properly diagnosing the cause of the hyperactivity 
emerges from considerations of therapy. Moreover, a clue arises here as 
to the reasons for the often made recommendation of the use of enormous 
doses of morphine in burned patients. Occasionally large doses may be 
necessary ; it appears probable in many cases that they are not only unneces- 
sary but are in fact contraindicated. When the hyperactivity of the patients 
is caused by fear or hysteria or by cereEral anoxia the use of large doses 
of morphine is obviously unwise. If seems probable that in burned patients 
morphine may often have been used in an attempt to treat conditions which 
will not respond favorably to morphine however large the dose. An examin- 
ation of the probable reasons for the use of large doses of morphine may 
throw some light on what is rational sedation for this group of patients. 

826 - 





doi 


has 








^Uti 


is 


P3rt 
to 


>«e<f rfoSi^'-’' «P fo ""“ Goode, i;‘r'’'es 6;V''" Po,,e„;:“'‘'«o,„ 

' re... ^moo- (Ve ^§-a;W .7^" 


'^S 


'^^led 




j/3e. c 

tte .e,/“PPo. 


'«^Wd;':7>.;.e';f;,.^^^'>f 77' /dtt''“*0d, Of 


4il?»,-„' ““*08 

’.“'^ Of :^f'y. bu, ° 


r ^or f/,. Of f,, 7'^ ^'esu;7 Z; of but i, 

7-.c7'!'; «..f 7;^ ’"■^'>' at;"' “P I n '’'oes^ 

i^or beh-.. ’ hesirlt^r, ’ ^vili i. ^ _, ^^sqm^lt ’ 

ooiisti 




,e , '''^W'A''"®''«'os 7 as‘'''®'°"’a 
■ ^'^''awo,. i'!'<'e8 «"// 6e 






/■ * 




"'''0 fe',:/? acco„„7r’ fro,„ 


'3ve 6, 


asarj,. '■’' ''o- 


f)o„ "'^*ess..^* nece 

'■ Pnfra„5"'Pa„ee7P"'-'eo, 


^’00(7. 


00;2, 




.‘5eco. 


•'^c/s. 


jse. 


are 




a^c/ 


Osec/_ 






arep/, of/, 
of the 


, ^ ^re, 

f/je 

""" e/e. 


c,,„. 

'0|'A, ''O'ce, 


Out fr^ 




"aoof 7," '^‘^3ste/f'”y<t 


'”Orpl,t‘’f°’- Sl,h 


"'''■'= "'/„"J' '> o 7 .''"Poa,ed";;* as f,"'''o « ies^-'^Oa o. 


'•a«)c, 

i'- 


'""*0. f»a„ rf,... 


ej-s 


7 "'is 

fded 


Oltva,. 

:"ia„eo'^,d, 7 '''a, 


“'■'""•am^^’-a- 


7 •“"''os 


af „„;, -''O for ..?'O 00 fa 


sti/j, 
of/ie,. 


5 "’JOCtM 

777'''>7"L,7 

"'Use,.,. a5se.. " to 


fe. 


U '""ar reJ"^°Wo„ " ''o* 
^ “spaK„...^' 0 ''s; r...... of a®, 


erf a„.'"afance8“fr^®-' are lT’'>scu,;r‘ "rfra„..r‘"'e"f 

ooetAe 

0 a67r 'P'’esa, 7-'7'"sf 


er re ,'“ ^ 

“tes. „f,.fo do 


ae-enf ; " "eat,„„ ’ »"« „, 
• "rfsave,, 0"t af ' 
■sree, '■oiife, ''o»s,„ ' Once 

"0Ue;,:'=P0''W,eJ"^’'>nw^°^ arf,,,. 


"'/.er/.,“'o cone, 7 :o:"ar ro„-^:"’' 0 "o„ 8 ,;‘ 


■ar f“'o''is", O'*, 

' "'' fo,„ M '"aoine'’ "'O'" 
aatfie.8. '’'"orf "ases 

•^SOr( 


se/jfo 

"«■ fro„, ."'fecfed 


s/(/ef 

^era/ 

h 

-ra/ 


orted. 'V“' 0 "-eo/a„-::‘.'^o fo 7 , 


00 rf-e .r.o- rfo „.:.“'af/on 


."O'-'P/lcr,; ^""o„fe 


;s , °^^^e 

07 - • 

^ 007 /, 70 . . ■'^’acf/vf 


^^^c/,,7:r ^o.r /Ofo .7^^^f^077 -o,,, 


6 e - ^ a. 7 r" P-e...:: 7 "ecf 3 / 


«176, 




w 

'Og fre 

ooos;;; v 


e. 


^oith 


'°“^od Co;""-"- 


/oii 

n-/,e„ ,, ' '^Peafew if Z ^obc^Z . ^sg^o 

"’'Por74e„,e„ -^a /, ^«a„ee„^ ^ c- a„d" 

, ■"' '"7ocC!,“/^"on A^^on, ade„r,e„ ’""oofer ce^."oos 


"’0 fofa/ 


«ie n^on /a 

rfe,.,-f>'ierJ "'""i; 


'77s 


Of 

'■osofe 

'arfon ,, 

O'osf. ^een “^®se 'v r ' "-ois -.^c 

77 71'7":7 are , "" 


'5 «,^. enf”"' a6sc- ''■’' "s 


50,.) 


a ^r.; ^'a'-oonr^"" "f^f '"’ ""'en 
. ^ c/ose. Oge:,t 


827 


'''“^' *0 a^r"'’*'-'";"' 'a 

"""sfered ao 
■ rfn 


HENRY K. BEECHER 


Atinals of Surccry 
.lunc, 1943 


such a case it is advisable to make up tlie solution (when a considerable 
number of patients must be treated rapidly) in a 20 cc. syringe with 15 mg. 
(M gi'O cc. concentration. A second such dose can be repeated in 20 
minutes for a robust subject with severe burns. Increase in morphine medi- 
cation beyond 30 mg. gr.) is made only after one has assured himself 
that the need is for treatment of pain rather than fear or hysteria or anoxia. 
Even then, the justification in most cases for such large doses is questionable, 
as mentioned above. 

If there is an}’’ possibility that large doses of morphine will be required 
it is advisable to use an extremity for their injection, and the site should be 
marked with a dye so that if signs of overmorjjhinization appear, absorption 
can be delayed by the use of a tourniquet above the site of injection. An 
unburned extremity should of course be chosen, for a tourniquet placed 
about one with peripheral burns would increase the edema formation in the 
injured, area. 

FEAR ANd'iIYSTEHIA 

Fear and hysteria are best treated by repeated intravenous administration 
of a barbiturate, for example, sodium pentobarbital (nembutal) in go mg. 
(gr. 1.5) doses. In patients with pulmonary damage it is doubtful if more 
than two such doses should be given initially. While opinions are divided 
as to the wisdom of using paraldehyde in patients with injury to the lungs, 
there appears to be no serious objection to the use of small doses intraven- 
ously, as follows; Two or three cubic centimeters of paraldehyde may be 
injected over a half minute. One patient (Case 7) received paraldehyde, 
4 cc. intravenously. 

ANOXIA FRO.M AN INADEQUATE AIRWAY 

Treatment of an inadequate airway takes precedence over all other forms 
of therapy. The following factors require consideration in this therap}’: 

The Removal of Foreign Material . — The Cocoanut Grove victims were 
either dining or had only recently finished dinner. Probably vomiting Avas 
more frequently encountered in this grou]} than is usually the case in burned 
patients. Vomitus in the airway of the patients who arrived at the hospital 
either dead or in a moribund condition may have hastened some deaths. It 
is unlikely that such obstruction was present in the other, the hyperactive, 
group of patients. Occasionally, aspiration of the mouth and throat of 
these patients was carried out as a preventive measure. 

Intratracheal intubation was carried out in three patients. In one of these 
cases it was necessary about two hours after admission. 

It was considered to be life-saving in this case. Gross overdosage with 
morphine was present, and the intratracheal tube facilitated artificial respira- 
tion which was necessary intermittently over a five-hour period. In another 
case intratracheal intubation was used to facilitate bronchial aspiration several 
days after the accident. In the third case the procedure Avas used terminall}’ to 
facilitate respiration preceding death. One or tAA’O other patients aa-ouW have 
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situation, drainage might also be promoted by i^ositive pressure. It is said 
that the use of positive pressure will prevent or curtail tlie tormation ot 
pulmonary edema. This seems to be open to question. Some believe, al- 
though incorrectly, that the partial pressure of the alveolar oxygen can be 
significantly increased by safe positive pressures. While this might be true 
at very high altitudes it is not true at ordinar}' atmospheric pressures. Not- 
withstanding the possible advantages to be gained from positive pressure 
we decided, rightly or wrongly, not to use it in these cases. In the first 
place, in a fairly wide experience with positive pressure in patients under- 
going thoracic surgery it has been our observation that this procedure 
often lowers the systemic arterial pressure, probabl}' by interfering with 
the passage of the blood through stretched out and narrowed alveolar 
vessels with the result that filling of the left heart is impeded. Posi- 
tive pressure appears to interfere with carbon dioxide elimination. Finally, 
several patients exhibited a paradoxical pulse. We construed this to be a 
further argument against the use of positive pressure. 

Helium . — When the tidal volume of air is normal or near normal it is 
unlikely that helium will be of value as a vehicle for oxygen, although it 
might be argued that if some bronchospasm is present the use of helium 
might be desirable. Our experience with helium in these cases was limited 
to a few trials of an experimental nature in which 75 per cent helium with 
25 per cent oxygen was compared with 100 per cent oxygen. It was not pos- 
sible at this time to make careful blood gas studies. We were not able to detect 
any improvement in the skin blood color with the helium and oxygen mixture 
as opposed to the high oxygen atmosphere. On the other hand, the pulse rates 
under the latter atmosphere were about 20 beats slower than when the 
helium and oxygen mixture was used (about 140 against 160). The difference 
in pulse rates suggests that oxygenation was better when 100 per cent oxygen 
was used than when the helium was employed. 

ANOXIA FROM INADEQUATE TRANSPORT OF OXYGEN BY THE BLOOD 

Carbon Monoxide Poisoning . — While many of the dead patients showed 
signs of carbon monoxide poisoning only two, questionabl)'- three, of our 39 
living patients showed fairly definite signs of it. In these, attempts were made ' 
to eliminate the carbon monoxide by the administration of a continuous 
stream of oxygen containing five to seven per cent carbon dioxide. No 
rebreathing was permitted here. It is as desirable to give whole blood as 
soon as possible to these patients as it is to patients who ma}'’ be anemic 
following hemorrhage or anemic from encounters with hemolytic gases in the 
smoke breathed.^ 

Shock . — When the patients arrived we supposed, incorrectly, that man}’^ 
cases of shock would develop. To combat shock, the intravenous injection 
of fluid was started on each patient within 15 minutes of the time of his 
arrival, in order to expedite the use of plasma as soon as it could be made 
ready. Both physiologic saline and five per cent glucose solutions were 
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system damage with delayed onset of cerebral edema with increased intra- 
cranial pressure. 

Observations of the condition of the blood is of great help in guiding the 
care of these patients and in providing accurate quantitative data concerning 
the trend of delayed reactions. For example, the increased time required 
for a blanched area (made by the light pressure of a finger on the skin of the 
forehead) to fill in. often provides, in demonstrating the slowing of the peri- 
pheral circulation, a sharp warning of decline in the patient’s circulatory 
condition, and of the possible approach of shock. 'Jdie color of the blood must 
he maintained as near normal as possible. If assistants and equipment are 
available, hematocrit readings are obtained, for they are of great value as 
a guide to the need for whole blood or plasma. These were availal)le by 
four and one-half hours (3 a.m.) following the accident. The determination 
of the plasma protein level refractometrically is a brief, simple procedure 
of value. In the days following the disaster more elaborate studies were 
possible. Helpful here were determinations (in arterial blood) of oxygen 
content and capacity. In one or two cases low oxygen values showed an 
urgent need for red cells. This might have been surmised some hours earlier 
had adequate attention been given to the low hematocrit values. Carbon 
dioxide content, plasma pu, and plasma eleclolyte values were helpful although 
not as important as the previously mentioned determinations. 

NEED FOR FUTURE WORK 

The Cocoanut Grove disaster called attention to the lack of information 
concerning the pulmonaiy lesions produced by fires and at the same time 
emphasized the need for study of this problem. For many years it has been 
known that pulmonaiy burns produced delayed effects in that, initiall}’’, vic- 
tims appear to be in good condition and then rather suddenly develop respira- 
tor}^ impairment, obstruction, possibly bronchospasm and edema, and die. 
This was strikingly illustrated in the Crile Clinic disaster at Cleveland several 
years ago, and again recently here. Important gaps in therapeutic knowledge 
are concerned with (a) how best to overcome deficient gaseous exchange in 
the lungs arising from bronchospasm or caused by edema and by tissue 
sloughs; and (b) how to prevent these conditions. With the increase in flash- 
burns as a result of mechanized warfare, or for that matter mechanized 
civilization, therapy of the pulmonary lesions involved urgently needs study. 

SUMJIARY AND CONCLUSIONS 

The patients who survived the Cocoanut Grove disaster long enough to 
receive therapy were in many cases hyperactive, even manic. Proper therapy 
depended upon correctly diagnosing the cause of this hyperactivity in a 
given case. Three major causes were: Pain; fear and hysteria; and cerebral 
anoxia. 

Morphine is a useful therapeutic agent only for those in the first of these 
three groups. In the other two groups it is not only ineffective but is 
contraindicated in large doses. Although large doses of morphine are often 
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employed in treating patients from a conflagration, it seems probable that 
morphine may often have been used in an attempt to treat conditions which 
will not respond favorably to morphine irrespective of how large the dose. 

In patients^who have been water soaked and chilled, who are frightened, or 
who are approaching shock, or whose peripheral circulation is otherwise greatly 
reduced, it is unwise to administer morphine (or other agents) subcutaneously 
or intramuscularly, for absorption will be either absent or greatly retarded. 
Lack of effect may lead to repeated administration of the agent in an effort 
to obtain an effect. Later, when the circulation has improved, the total of 
the subcutaneous injection may enter the circulation at one time with serious, 
even fatal consequences. Morphine should be administered intravenously to 
such patients. If, because of the great number of patients to be cared for, 
one cannot take time for intravenous administration of morphine, the agent 
should be injected into an unburned extremity and the injection site marked 
with ink, or a d3^e, so that if too great absorption of the agent is apparent 
later on, the inflow can be checked by means of a tourniquet. 

For fear and hysteria, intravenously administered barbiturates are useful. 
For anoxia, arising chiefly from carbon monoxide poisoning, the treatment is 
seven per cent carbon doxide in 93 per cent oxygen in continuous stream 
(without rebreathing) and with the administration of whole blood. 

Various ox3fgen therap3^ technics (intratracheal intubation, tracheotomy, 
helium, positive pressure) are considered and reasons offered for discarding 
or employing them in treating the anoxia. The oxygenation problem is 
greatly complicated b3^ severe bronchospasm and pulmonary edema. Con- 
sideration of these factors leads to a discussion of needs for future work. 

REFERENCES 

^ Hardy, J. D., Wolff, H. G., and Goodell, H. : Studies on Pain ; The Analgesic Action 
of Morphine and Codeine in Man. Am. J. Physiol., 129, 375, 1940. 

- Drinker, C. K. : Carbon Monoxide Asphyxia. Oxford University Press, New 
York, 1938. 

“ Faxon, N. W., and Churchill, E. D. : The Cocoanut Grove Disaster in Boston. J. A. 
M. A., 120, 1385-1388, 1942. 


833 



THE PULMONARY COjMPLICATIONS: A CLINICAL DESCRIPTION 
Joseph C. Aub, M.D., Helen Pittman, M.D., 

AND 

Austin M. Brues, M.D, 

PROM THE JOHN COLLINS WAUKICN LABORATORY OF THE HARVARD CANCER COMMISSION AT THE 
MASSACHUSETTS GENERAL HOSI’ITAL, BOSTON. 

Many huunicd patients have pulnionaiy lesions due to thermal or chemical 
burns of the lung, and an important part of burn management consists in 
the recognition and ]jro])er treatment of these pulmonary burns. This was 
]iarticularly well emphasized in the Cocoanut Grove cases treated at this 
hosjiital, since all seven of the deaths were due to pulmonary complications. 
In fact, onl}' three of the 39 patients were wholly free from respiratory symp- 
toms, and they had covered their mouths with wet cloths or some article 
of clothing. A wet handkerchief appeared to have afforded adequate pro- 
tection in one individual, fl'liere was little correlation between the severity 
of surface burns and the extent of pulmonary damage, and it was, therefore, 
necessary to watch for pulmonary signs even in those who were only 
slightly burned. 

The first clue to the high incidence of pulmonary burns was afforded 
by the number who died within the first few minutes after reaching the 
hospital. The}' were very cyanotic, comatose or restless, and had severe 
upper respiratory damage. The surviving patients on arrival showed varying 
degrees of restlessness or excitement but soon became quiet following 
medication and removal to the ward. None was very cyanotic at this time; 
some were cherry-red in color, suggesting carbon monoxide inhalation. 
Most of them were burned about the mouth and nose, with singed nasal 
hair and reddening of the nasal mucous membranes. In general, the 
patients during the first three hours were breathing quietly and super- 
ficially, and coughing weakly. Chest examination at first showed distant 
breath sounds and this was associated with scattered basal rales in many 
cases. Several of the more severely burned victims were delirious, and 
two of these were quieted promptly by oxygen inhalation, suggesting that 
the delirium was due to anoxia aggravated by carbon monoxide poisoning 
and slowing of the respirations from morphine. Several patients, notably 
Case 25, soon became dyspneic, and progressed to a critical condition 
within a few hours. 

About three hours after the fire, dyspnea suddenly appeared in others 
associated with cyanosis, restlessness, and increased rales. Since there 
was a rapid accumulation of edema in the external bums at this time, it 
is probable that burned pulmonary areas were undergoing similar changes. 
Thus, Case 25, who had shown early dyspnea but had remained quiet during 
the first three hours, became so short of breath that he insisted on getting 
on his hands and knees to facilitate breathing. An oxygen tent promptly 
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The absence of bronchial breathing suggested that the bronchi were 
plugged with secretion which prevented bronchial breath sounds from being 
transmitted to the periphery. This interpretation was borne out in many 
of the patients when the usual physical signs of pulmonary collapse dis- 
appeared after the coughing up of mucus and when similar signs appeared 
elsewhere. Thus, Case 20 had typical signs of collapse of the left lower 
lobe on the second day which disappeared on the next day after she coughed 
up a plug of pinkish-black material the shape of a medium-sized bronchus. 
On the fourth day, massive collapse of the other side was found to be present. 
The next day both lungs had cleared considerably, followed by appearance 
in the sputum of numerous brown plugs of mucus. A similar sequence 
occurred in Case 27 (who died on the third day). Postmorten examination 
confirmed these observations. The sputum raised by all who had lung 
involvement was of the same character, consisting at first of a heavy, 
tenacious mucus, later of a lighter, more froth)^ material. All of it was 
heavily stained with black particles resembling soot. 

The areas of acute emphysema showed the same migratory tendenc}'^ as 
those of atelectasis and lobular collapse. Here, too, auscultation showed that 
the breath sounds were almost absent and rales were rare but the emphy- 
sematous areas, which predominated in the upper lobes, were distinguished 
by their extreme resonance to percussion. Emphysema was also seen roent- 
genologicall}^ and at necrojjsy. The areas of collapse and of emphysema. 
appeared to have a common origin in obstruction of the bronchioles — 
complete obstruction causing collapse, and partial obstruction producing 
emphysema. 

Although breath sounds could barely be heard, the patients appeared 
to be breathing easily and with normal depth. As one might expect in 
this type of lesion the vital capacity of the lungs of most of the survivors 
(previously healthy adults) was markedly reduced, frequently to levels 
of only 800 to 1300 cc. The vital capacities in 19 patients averaged 73 
per cent of the theoretical normal on the seventh day after the fire, with 
extremes of 25 and 120 per cent. Those which were diminished returned 
to normal only slowly. This diminished vital capacity is probably not unlike 
that found in cardiac decompensation. The lack of lung elasticity due to 
burns and edema probably accounted for it as much as the lung collapse 
and emphysematous areas. It doubtless was a factor in the anoxia experi- 
enced by these patients. The vital capacity test represents our best quanti- 
tative index of the severity of lung burns, even though it obviously cannot 
be used in the first few days after an accident. 

Three patients, not previously afflicted with the disease, developed t3'pical 
asthma. This was clearly present on the second day and persisted for 
over a week; then it disappeared, for the remainder of the hospital stay. 
They were relieved by steam inhalations and by adrenalin or by amino- 
phylline several times, though the response was not invariable. This type 
of reaction can be described best by the reports of Cases 5 and 19. Other 
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This patient was seen one month after the fire, at which time there was complete 
freedom from symptoms together with a normal roentgenogram. 

Case 6. A female, age i6, well except for previous sinusitis. In the fire she lost 
consciousness, and awakened in the hospital, nauseated and vomiting. On entrance, no 
rales were heard in the lungs, though the nares, mouth, and pharynx showed evidence 
of the effect of the heat. She was not otherwise much burned, but was in mild shock, 
the systolic pressure falling from 120 to 80 mm. Hg., which was improved by a plasma 
transfusion. Within three hours, she developed hoarseness, with moist rales throughout 
both chests, signs of consolidation in left lower lobe, and showed marked cyanosis and 
an elevation of respirations to 40 per minute. She was much improved in color and 
breathing by ox3'gen, by Boothby mask, after aminophylline had failed to relieve her. 
However, she became more restless, raised tenacious mucus, and 12 hours after the 
fire she was put in an oxygen tent because of her poor responsiveness, cyanosis, and 
increasing respiratory difficulty. She had to breathe oxygen-rich mixtures nearly con- 
tinuously until the evening of the fifth day. 

Prior to the third daj% physical signs indicated transient blocking of the large 
bronchi, but thereafter there remained a constant block of the lower portion of the left 
lower lobe where constant dullness to percussion and bronchial breath sounds were 
heard (unique in this series). The rest of the chest examination showed constant and 
marked diminution of breath sounds with variable and migrant areas of rales, dullness, 
and hyperresonance though collapse of the right lower and emphysema of right upper 
lobe were usually found. She could e.xert no force on expiration or cough and could 
not dislodge the mucus plugs in her bronchi. 

She gradually improved until the eleventh day, when it appeared safe to tip head 
and chest to drain the lung. This had a remarkably good and rapid effect, and though 
she raised no sputum the lung collapse in both lower lobes disappeared ; aeration there- 
after was much improved and the diaphragms descended well for the first time. Her 
vital capacity rose immediately from 0.8 liters (25 per cent theoretic normal) to 1.2 
liters (37 per cent of normal), and by the end of the third week this had returned 
to 3.0 liters, or 90 per cent of normal. Her convalescence was uneventful. 

Case 19. — A male, age 42, with no previous history of asthma or chronic cough, 
was largely a problem of inhalation burns, with minor burns particularly evident in 
the nose and mouth. On entrance, he had rales in both lung bases followed, six hours 
after the fire, by signs of blocking of his right lower lobe. Si.x hours later he had 
asthmatic breathing and moist rales and expiratory stridor, mostly in right upper lobe. 
After 2g hours, he became very ill, with intense dyspnea, evidence of obstructed bronchus 
of right lower lobe, and universal rales; and later, signs of emphj'sema' in right upper 
lobe. Tracheotomy was considered but not done. Asthmatic breathing from the begin- 
ning was relieved by aminophylline. On the third day, he could not phonate audibly 
and local examination disclosed diffuse swelling and redness throughout the naso- 
pharynx, with chest signs of diffuse emphysema sufficient to depress the diaphragm and 
obscure the heart. The breathing was typically asthmatic and the clinical picture con- 
sistent with asthma of long standing. The patient was very ill, required repeated 
stays in an oxygen tent, and was frequentlj"^ relieved by aminophjdline and codeine as 
well as by adrenalin injections. This continued with gradual improvement, with increas- 
ing amounts of mucoid sputum (containing 1.8 Gm.% protein) and lessening of asthmatic 
breathing and physical chest signs. The vital capacity was greatly reduced by the 
expiratory push-test (see Schatzki) and after ten days was 1.4 liters, only 34 per cent 
of the theoretic normal and 74 per cent of normal by the nineteenth day. At the end 
of a month the lungs still sounded far from normal. There was no dullness to percus- 
sion, but breath sounds were very distant and faint over the whole back, most marked 
down the right lower lobe. Many coarse bronchial rales were heard over the left lower 
lobe, particularly after coughing. Vital capacity was 2.6 liters, or 65 per cent of 
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receiving morphine should be watched closely. Although intubation and 
tracheotomy were not highly successful in our cases, we believe that they 
fulfill a definite function in relieving labored breathing and in facilitating 
the delivery of oxygen, and should be resorted to in patients with acute 
cyanosis and in those with severe upper respiratory lesions. Intravenous 
saline solution is contraindicated since it will increase edema and exudate 
in the bronchial tree ; plasma transfusions will apparently not do this if 
given in moderate amo.unts, and obviously they are the essential therapy 
after burns. It should be remembered that loss of fluid from burned areas 
of skin and superficial edema can occur with little harm, while similar 
occurrences within the respiratory tract may be dangerous. 

It is, of course, most important to avoid infection. None of the patients 
in this group developed pneumonia or pulmonary abscess, and this was in 
all probability due to their isolation on one floor and the precautions taken 
to avoid cross infections by the continuous use of masks and gowns, and 
by scrupulous cleanliness. The early use of sulfadiazine was probably also 
an important factor. 

In the later subacute phase, the main problem was to lessen the viscosity 
of the sputum and to liberate blocked bronchi. A moist atmosphere, produced 
by means of steam kettles and by liberating steam from the room heating 
units, gave considerable comfort and improved breathing. Aminophylline 
appeared helpful, not only in the asthmatics but also in the other dyspneic 
patients. To loosen secretions, ammonium chloride appeared to be of some 
value. Gravity drainage during convalescence had a dramatic effect in 
liberating one collapsed lung (Case 6), and should be used when the patient 
is well enough to endure it. 


CONCLUSIONS 

Of the numerous lessons to be learned from these lung burns, the fol- 
lowing should be emphasized : ( i ) That covering the mouth with a wet 
cloth may afford complete protection against pulmonary burns; (2) that 
in most patients the degree of inhalation burn was by no means ascer- 
tainable directly after the fire, and the extreme edema, which occurred 
later could not be predicted; (3) the resuscitation of patients in acute attacks 
of edema was difficult and unsatisfactory, and these acute attacks must 
be watched for with great vigilance, even in patients with minimal sur- 
face burns. 

The pulmonary complications were bizarre and characterized by extreme 
variabilit}'-, with areas of lung collapse and emphysema, which were often 
quite transient and migratory. As the injury to the bronchioli healed, these 
signs disappeared and the lungs sounded as though no permanent damage 
had occurred. Roentgenologic examination confirmed this, but only time 
will tell whether bronchial scars will constrict and produce bronchiectasis 
in the future. 
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Fig. 8. Postmortem films taken on two victims of tlie fire who were dead on arrival at the hospital. The lungs in both cases show extensive 
pulmonary edema, which was confirmed at autopsy. 
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firmed by autopsy in both cases. The roentgenologic appearance, as well 
as the findings at autopsy, was quite different from that seen in patients 
who survived the first 12 hours; in none of the latter cases was extensive 
pulmonary edema seen. The blood in the two patients dead on arrival 
showed a high carbon monoxide saturation — 42 and 50 per cent, respectively. 
Whether this, or another cause, was responsible for the pulmonary edema 
remains a question, hut it is very unlikely that the pulmonary edema in 
these two cases was similar in origin to the pulmonary changes found at a 
later date in the survivors. 


Roentgcnolofjic Fuidhujs hi Three Aitiopsied Cases u'hich Died 

hi the Hospital 

On only three of the seven patients who died in the hospital were autop- 
sies performed. All three had roentgenologic evidence of pulmonary 
pathology. 

Case 7. — In addition to other burns, this patient liad burns of tbe face and severe 
inhalation burns. A film taken 36 hours after the disaster* showed emphysema of tbe 
left upper lung field, with questionable collapse within tbe left lower lobe. Another 
film, taken six hours later, demonstrated more conclusively the atelectasis within the 
left lower lobe in addition to the emphysema. There were also small plate-like foci 
of atelectasis in the right lower lung field (Fig. 9). The patient died the morning 
of the third day, S3 hours p.d.* .A postmortem film showed pulmonary edema and 
evidence of trapped air in the left lung. Autopsy. — Tracheitis, bronchitis and bron- 
chiolitis : Areas of atelectasis with hemorrhage, possibly representing early infarc- 
tion, the largest area in the left lower lobe, and some pulmonary edema. (See Dr. 
T. B. Mallory’s report for details) 

Comment. — A patient with marked inhalation burns showed early evi- 
dence of emphysema and atelectasis, confirmed by autopsy. The changes 
were adequately explained by severe bronchiolitis. In addition, there was 
possible evidence of infarction of the collapsed areas, probably secondary 
in nature. The pulmonary edema tvas terminal, and in all probability not 
specifically connected with the underlying pathology. 

Case 25. — Severe inhalation burns; gurgling and cyanotic. Temperature 103°- 
104° F. The first film of the chest, taken 12 hours p.d., showed localized increased 
density in the left lower and middle lung fields, which at that time was thought to be 
pneumonitis or pulmonary edema, but which was later explained as an area of atelec- 
tasis. A film taken 29 hours later showed no appreciable change. The patient died 
42 hours p.d. Postmortem film showed emphysema of the left upper lobe and peculiar, 
well defined mottled areas throughout tbe right lung, and less pronounced on the left 
side. Autopsy showed extreme membranous tracheitis, bronchitis and bronchiolitis; 
anatomic emphysema; focal areas of atelectasis; and some pulmonary edema. (See 
Dr. Alallory’s report for details) 

* For convenience, and to avoid repetition, the abbreviation “p.d.” will be used instead 
of the words “after the disaster.” 
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C0MJ.IENT. — Areas of atelectasis and emi)hysema were present on the 
lirst film taken 12 hours p.cl. The i^eculiar mottling of the lung seen in this 
case and in one other fatal case (Case 33) (Fig. ii) could be explained 
either by the demonstration of the exudate-filled small bronchioles or by 
multiple small areas of atelectasis. 

Case 27. — Severe iiilialatioii burns, in addition to other burns. Cliest full of rales. 
Films taken 12 hours p.d. (Fig. 10 A) showed c.xtcnsive plate-like areas of atelectasis 
in the right upper lung field with elevation of the right hilus. Below this region there 
was a peculiar fiaine-like area of increased density. .A definite circular 4-cm.-area of 
increased brightness was superimposed upon the right hilus. The stomach was 
markedly dilated and air-filled, as was the c.sophagus. Film taken five hours later 
showed the stomach and esophagus no longer dilated (the air had been aspirated). 
The fiame-like process in the right midliing field had increased in e.xtent. Films 
taken 29 hours p.d. showed disappearance of the atelectasis in the right upper lobe, 
and slight decrease of the process in the right middle lung field. At this time, there 
was markedlj'^ increased density in the right lower lung field. Films taken 35 hours 
p.d. showed no appreciable change on the right side ; hut there were definite areas 
of increased density close to the left hilus as well as in the left lower lung field. There 
were some emphysematous changes on the left side (Fig. to B). The patient died 
63 hours p.d. Autopsy showed severe tracheitis, bronchitis, and bronchiolitis, with 
patchy areas of atelectasis and emphysema in both lungs : .Areas of early pneumonia, 
probably not older than 24 hours : .A few small areas of early or partial infarction 
(See Dr. Mallory’s report for details). 

Comment. — This case shows particularly well the bizarre roentgenologic 
appearance of some of the atelectatic areas as well as the rapid change in 
their amount and location. Infarcts may have been responsible for a few 
of the roentgenologic changes. A perfectly round area of localized emphy- 
sema existed in the right middle lung field. It had the appearance of trapped 
air as sometimes seen in children’s liiieumonia (pneumatocele). 

ANALYSIS OF THE ROENTGENOLOGIC FINDINGS 

As mentioned before, the roentgenologic findings in the victims of the 
disaster varied from patient to patient, and often in a given patient from 
day to day. The resulting pictures were peculiar, the published illustrations 
giving only an incomplete impression of the variety and combinations. 
An analysis of the manifold appearances, how'ever, shows that the majority 
of the changes can be explained by the presence of various degrees and 
amounts of (i) atelectasis and (2) emphysema, both apparently due to 
bronchial obstruction. These two types of lesions reiiresent the vast ma- 
jority of the changes. In addition, there are in a few cases other abnor- 
malities, the nature of which is less clear, which will be described here as 
(3) areas of miliary mottling; and (4) areas of diffuse density without 
decrease in size of the involved portions of the lung (“drowned” lung). The 
four types will be discussed in the following paragraphs. 

Areas of Atelectasis 

Sudden, massive lobar collapse, comparable to postoperative collapse, 
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was seen in one patient onl}' (Case 20) (Fig. 17 B). It was obviously 
produced by obstruction of a large bronchus. Gradual complete collapse 
of both lower lobes was seen in another patient (Case 6) (Figs. 13, 14, 15 
and 16). More commonly, the obstruction was in smaller bronchi and 
resulted in collapse of the corresponding lobules, usually visible as triangles 
or bands of increased density (Figs. 10 and 23 A). Often the small areas 
of atelectasis were visible as fine lines only, representing disk-like areas 
of atelectasis seen edge-on (Fleischner's*’ lines). They ran horizontally, 
obliquely, and in the lower lobes even vertically through the lung fields 
(Figs. 21 and 22 B). In addition to the autopsy findings, there were 
several roentgenologic factors which proved the atelectatic character of these 
lesions. If the}^ were extensive, the noninvolved j^arts of the lung on the 
same side showed compensatory emjjhysema. The diaphragm was com- 
monly elevated on the involved side. Most characteristic were the changes 
in position and size of the hilar shadows, which were displaced up or down 
towards the atelectatic lobes, and were smaller on the involved side. In 
many instances these hilar changes were the first clue towards finding small 
areas of atelectasis. 

A lateral shift of the mediastinum was rarely seen, apparently due to 
the frequent bilateral pulmonary involvement. 

A connection between the roentgenologic findings and bronchial obstruc- 
tion was demonstrated early by the use of a sim])le clinical test — the study 
of the expiratory “push'’ (forceful expiration with open mouth against the 
examiner’s palm) (Volhard"). No stream of air could be felt in patients 
with marked pulmonary changes, and in others the stream was diminished. 
The expiratoiy “push” improved parallel with the roentgenologic clearing 
of the lungs. This parallelism was later confirmed by more exact studies 
of the vital capacity. 

The majorit}' of the roentgen-positive cases had localized areas of atelec- 
tasis at one time or another. Usually, several of these were present (Fig. 21 ), 
at times only one or two. While atelectasis was demonstrable in most of tbe 
severely damaged cases on the first day p.d., this pathology was not seen in 
other cases until the second day p.d., sometimes not before the third and 
fourth day. In one patient (Case 13), only localized emphysema was demon- 
strable for a period of ten days, when the first evidence of atelectasis was 
present in the same region. In some instances, the areas of atelectasis 
changed from day to day. Usually, however, the same areas of atelectasis 
remained visible until the process had cleared up. In most cases the pul- 
monary pathology disappeared within the first two or three weeks; in a 
few cases it rvas demonstrable at a later date, up to four or five weeks; 
and in one case, a small area of atelectasis still existed 17 weeks p.d. 

Chart I shows the time of appearance and disappearance of the areas 
of patholog}' and also indicates how long after the disaster check-up films 
were taken. 
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most clearly visible on the film taken in expiration. The right hilus was small and 
the right diaphragm was low in position. Daily films were taken np to the eleventh 
day p.d., and from that time on the c.xaminations were spaced at longer intervals. 
The areas of atelectasis disappeared gradually and had almost completely gone on 
the fifth day p.d. The trapping of air in the right lung, however, remained clearly 
demonstrable, particularly on the films taken in expiration (Fig. 20). Eighteen weeks 
p.d., the right diaphragm was still slightly lower than the left, and there was still 
definite evidence of air trapping on the right side. The expiratory “push” in this 
patient had completely disappeared during the first week p.d. It reappeared gradually, 
corresponding to the increase in vital capacity which initially had been much below 
normal. 

Comment. — The l)ronchial obstruction in this patient had produced 
atelectasis in some areas luit had caused mainly ball valve obstruction, par- 
ticularly of the right lung with resulting obstructive emphysema and a clinica.1 
picture of status asthmaticus. Air trapping was still present when the patient 
was seen last (18 weeks p.d.). . 

Areas of Miliary MollUug 

Peculiar mottling was seen in two of the cases ( Cases 25 and 33) (Fig. 1 1 ) . 
The changes were particularly marked in Case 33. They consisted of dififuse 
mottling throughout both lungs, a single lesion measuring from about 
two to six millimeters in diameter. 'I'he lesions were fairly well circum- 
scribed but seemed to Ije confluent in places. There was also some increase 
in the linear structures of the lung with several characteristic plate-like foci 
of atelectasis. The mottling in Case 25, much less marked than in the 
preceding case, was seen only on the postmortem film, and was present only 
on the right side. Both patients died. Autopsy was obtained in Case 25 
(Sec above). It did not definitely explain the mottling seen in the roent- 
genogram. The process simulates somewliat the changes described in bron- 
chiolitis obliterans,^' ” although in that disease the single lesions are more 
discreet and smaller. The mottling in our cases is even more like the miliary 
lesions seen following inhalation of nitrous gases (Nichols,® Renandei'^®) and 
of acid fumes (Doulr*). From the combination of linear shadows and fine 
mottling in the most outspoken of our cases, it is at least possible that the 
appearance was produced by multiple fine areas of atelectasis, together with 
the actual demonstration of plugged small bronchi. 

Areas of “Drowned'’ Lung 

Early in the process three of the survivors (Cases 2, 20 and 32) showed, 
in addition to the more charactestic areas of atelectasis, an unusual ap- 
pearance of the lung field which was not seen in any of the other cases. 
This process was characterized by an homogeneous groundglass appearance 
covering the lower half of the left lower lobe in Case 20 (Fig. I7 A), the 
right upper and middle lung field in Case 2 (Fig. 22 A), and the central 
portions of both lungs in Case 32 (Fig. 23 B). The lesion was noted in 
Case 20 on the second and third day p.d., and was no longer present on 
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the fourth day. It was seen on the first day p.d. in Case 2, and had dis- 
appeared on the second day p.d. In Case 32 it did not appear before the 
second, day, decreased on the fourth day, was still somewhat visible on the 
sixth day, but had disappeared on the seventh day. In contradistinction to 
large areas of atelectasis there was no evidence of decrease in the size of 
the involved portions of lung. In Cases 20 and 2 the lesion occurred too 
early and disappeared too rapidly for pneumonia; whereas it is not possible 
to rule out pneumonia in Case 32. The appearance was similar to that 
occasionally seen in asymmetrical pulmonary edema in patients with nephritis 
or heart failure. Considering the course of the lesions, however, the path- 
ology can best be explained by the accumulation of fluid in the alveoli 
distal to points of bronchial obstruction. The pathologist Loescheke' de- 
scribes partial disjjlacement of air by fluid in atelectatic portions of the lung, 
and the “drowned” lung distal to areas of bronchial obstruction (foreign 
body, tumor) is a well known clinical occurrence.-’ ” Fluid was actually 
found in the alveoli of some of the atelectatic areas in our autopsied cases. 
(See Dr. Mallory's report.) d'he fact that atelectasis occurred later in the 
originally “drowned” area in Case 20 further supports the validity of the 
suggested mechanism. 

Pulmonary Edema 

Pulmonary edema was extensive only in the two victims who were dead 
on arrival. As discussed before the origin of this pulmonary edema is not 
known. It may have been caused b}'’ carbon monoxide poisoning. In any 
case, it seems unlikely that it was caused by the same mechanism which 
produced the pulmonary changes found in the two survivors. One of the 
patients (Case 7) who died two days p.d. developed pulmonary edema 
shortly before death, but this terminal pulmonary edema was probably not 
related to the characteristic pulmonary damage produced by the catastrophe. 
Aside from this case, pulmonary edema was not seen in any of the sur- 
vivors, although the question of atypical asymmetrical pulmonary edema 
arose in three patients. (See paragraph on “Drowned” lung.) 

Infarcts 

Infarcts were not diagnosed roentgenologically in the first few days 
following the catastrophe. Two of the autopsied cases (Cases 7 and 27) 
showed areas in which the alveoli were slightly decreased in size and con- 
tained blood but no air. The cell walls were preserved. These lesions 
were thought to be areas of early infarction, possibly superimposed on areas 
of atelectasis. (See Dr, Mallory’s report.) It is possible that changes 
which roentgenoloically were interpreted as plate-like areas of atelectasis 
in some of the survivors actually represented small infarcts. It is unlikely, 
however, that many infarcts were misinterpreted in this manner, inasmuch 
as the roentgenologic evidence of the lesion commonly changed back-and- 
forth from day to day, which would not occur in infarcts. Furthermore, 
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all the lesions disappeared ^^ithout leaving any trace of a scar with the 
exception of one patient (Case 13). Areas of incomplete infarction may 
clear up without visible scar,"* but it is not probable that so few scars would 
result if an appreciable numlier of infarcts had been present among the sur- 
vivors. Infarcts did occur, and were seen roentgenologically in some of 
the severely burned cases several neeks following the disaster, obviously 
connected wdth thrombophlebitis. 



Fig 24 — Case 32 (Coutiuuecl) , Normil lung in the 7th %scek pd 
Cliiiital Data I emale age 35 Iluriis 01 li|>s» nose and tongue, modeiate burns 
of forehead and hands Uncon‘?cious, sc\ere cerebral complications (See J 3 r Cobb’s 
report lor furthei details) 


Acute Dilatation of the Stomach 

Marked dilatation of the stomach w'as seen on the chest films in five 
cases (Cases 2, 19, 27, 33 and 34). In Case 27, the esophagus was also 
markedly dilated and air-filled (Fig. 10 A). Three of these patients died. 
It is possible that the dilatation was a sign of general shock although the 
exact relationship remains obscure. 

FoUozv-itp of the Pulmonary Lesions 

Most of the patients were examined repeatedly, regardless of whether 
or not the lungs appeared normal roentgenologically. These follow-up exam- 
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Diffuse pulmonary edema was found in two victims who were dead 
on arrival. 

Infarcts were not recognized roentgenologically in the first period follow- 
ing the fire, although some may have existed, 

3. Acute dilatation of the stomach was found in five patients ; and of the 
esophagus in one patient. 

4. The follow-up of the pulmonaiy lesions is described. The lesions of 
all the survivors finally disappeared except in two cases. 

5. The experience gained from this disaster is of value as it applies to 
the recognition of the roentgenologic appearance of lungs in cases with 
damage to the bronchi and bronchioles from other causes. 
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With the initial incisions it is apparent that the muscles and most of the internal 
organs are a brilliant cherry-red in color. This is not apparent in the blood that 
escapes from severed vessels or in the chambers of the heart is'hich appears dark red. 
A sample of this blood, however, submitted for chemical analysis showed 42 per cent 
saturation with carbon monoxide. 

The trachea and larger bronchi contain considerable amounts of partially digested 
food similar in character to that which is present in the stomach. The underlying 
mucosa is diffusely reddened and shows numerous pin-point hemorrhages which are 
most frequent in the upper trachea and decrease as one descends the bronchial tree 
but scattered foci can still be found in bronchi 3 mm. in diameter. No exudate is 
present and no froth. 

The lungs weigh 1230 Gm. together. They are bright pink, heavy, voluminous, and 
do not collapse (colored section Fig. i). Crepitance is uniformly diminished but nowhere 
entirely absent. Fragments of the tissue float in water. The pleura is smooth, glistening 
and transparent, the underlying parenchyma brilliant pink in color. Several subpleural 
hemorrhages 5 to lo mm. in diameter are found over the lower lobes. On section, 
all lobes present uniform, congested but very bright red surfaces. On slight pressure 
considerable quantities of blood-stained fluid ooze from the freshly cut surfaces but 
this is not frothy. The pulmonary arteries and veins are normal. 

The heart, liver, kidneys, spleen and internal genitalia are normal except for clierr}’- 
red discoloration of all blood containing areas. The gastro-intestinal tract is normal 
except for congestion and petechial hemorrhage throughout the duodenum. The brain 
shows only an unusual pinkish tinge to the grey matter. 

Microscopic Examinaiion: The trachea and primary bronchi show essentially similar 
changes (Fig. 25). All vessels internal to the cartilaginous ring are maximally dilated. 
The areolar tissue of the mucosa is markedly edematous and at intervals of 2 to 3 mm. 
shows focal hemorrhages 0.5 to i.o mm. in diameter. Almost no leukocytes are found 
outside of vascular lumina. The basement membrane is normal and the majority of 
the epithelial cells have desquamated. No ciliated or goblet cells persist but a single 
layer of small cells with scanty undifferentiated cytoplasm adheres to the basement mem- 
brane in many places. No coagulation necrosis or eschar formation can be made out. 

Several sections from various portions of the lungs present essentially similar 
pictures. The great majority of the alveoli are of normal or slightly subnormal size 
and are filled with precipitated eosinophilic material, partlj-^ granular and partly homo- 
geneous. In the latter instance it occasionally reaches almost the density of thyroid 
colloid (Fig. 26). In some alveoli considerable numbers of red blood cells are present 
and these are almost invariably found in association with the homogeneous rather than 
the granular precipitate. Scattered between these edematous alveoli are bubbles of 
air ranging from two to three times the size of the alveoli. These are invariably 
localized in dilated atria and respiratory bronchioles and do not represent emphy- 
sematous alveoli (Fig. 27). There is, thus, very little intermingling of air and fluid. 
The capillaries of the alveolar walls and all small blood vessels throughout the lungs 
are congested. The interlobular septa are widened and edematous, and the lymphatics 
here and in the perivascular tissues are frequently dilated and contain granular precipitate. 
The small bronchi show desquamation of epithelium and no necrosis or inflammatory 
reaction. Nowhere in the sections is there leukocytic infiltration. Several bronchioles 
and a few alveoli contain aspirated vegetable cells. 

Microscopic examination of sections of other organs show no significant variations 
from normal. The liver cells present the granular, dispersed cytoplasm and prominent 
cell membranes characteristically seen in cases of sudden death in the glycogen-storage 
phase of metabolic activity. 

The major parenchymal lesion in this case, as well as in the others of 
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the group dead on arrival, was the diffuse pulmonary edema. A slightly 
unusual feature was the absence of froth in the trachea and bronchi as well 
as in the fluid which oozed from the cut surfaces. This api^eared to be 
explained by the fairly sharp limitation of the edema to the alveoli themselves. 
Such air as was present was found in atria and respiratory bronchioles. There 
was, consequently, comparatively little actual admixture of air and fluid. 
A high protein content of the edema fluid was evidenced by the homogeneous 
colloid-like precipitation in the alveolar lumina, and the presence of red blood 
cells confirmed the existence of significant capillar}' damage. 

These cases were too long postmortem (36 hours) to attribute safely sig- 
nificance to the desquamation of the tracheal and bronchial epithelium. The 
absence of any eschar formation and the intact basement membrane, how- 
ever, make it doubtful, in these cases at least, that flames could have been 
inhaled far into the respiratory passages. That some physically or chemically 
irritating agent was so inhaled is indicated by the vascular dilatation, the 
marked edema of the tracheal and bronchial mucosae and the presence of 
innumerable pin-point hemorrhages. It seems probable that the pulmonary 
edema was of similar pathogenesis. The aspiration of vomitus was not 
responsible since similar changes were found in other cases in which no 
evidence of such aspiration was present. 

CASES TREATED IN THE HOSPITAL 

Three cases came to autopsy from the group which were admitted to 
the ward. Case 25 died 40 hours, Case 7, 52 hours, and Case 27, 62 hours 
after admission. They will be presented in that order : 

Case 25 . — The body is that of a powerfully built, large man, age 46. The hair 
has been extensively singed but the scalp is free from discoloration or vesiculation. 
There are first, second and third degree burns covering the entire face and upper 
neck, the areas of third degree burn being comparatively small and localized about the 
mouth, nose, chin and ears. The mucous membrane of the lips is blistered. The hairs 
of the nostril are singed, and greyish adherent exudate is visible in the nostrils and 
overlying the inferior turbinates. The entire face is swollen and edematous, especially 
the periorbital tissues. The conjunctivae are congested but the sclerae are intact. 
First, second and third degree burns are likewise found on both hands, particularly on 
the dorsal surfaces, where they extend up to the cuff line. 

Respiratory Tract: The larynx when viewed from above appears completely 
occluded by edematous swelling of the mucous membranes, particularly those overlying 
the false cords and the aryepiglottidean folds. Fibrinopurulent exudate overlies the 
former. The surfaces are glazed and whitish in color but there is no ulceration or 
membrane formation (color section Fig. 3). When the larynx is viewed from below 
(color section Fig. 4), in contrast, a greenish-black membrane, to which black fragments 
of charred material are adherent, extends from the inferior surface of the true cords down- 
ward, encircling the trachea for a distance of 2.5 cm. The membrane can be stripped from 
the mucosa only with difficulty and leaves a raw, hemorrhagic surface. The mucous mem- 
brane of the remainder of the trachea is intensely red with scattered petechial hemorrhages. 
Foci of ulceration and membranous exudation are absent for a distance of 4 cm. below the 
zone described above, then begin again as scattered foci 2 to 10 mm. in diameter in 
the middle and lower thirds of the trachea, and become almost confluent again in the 
primary bronchi. 
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and fibrin to form occlusive bronchial plugs (Fig. 28), In one bronchus the mechanism 
of detachment of the necrotic epithelial cells is clearly shown by the presence of 
vesicles filled with clear fluid and a few leukocytes between the necrotic cells and 
the basement membrane. Only rarely is there evidence that the basement membrane 
itself has been destroyed. In these areas a typical diphtheritic membrane similar to 
that noted in the upper trachea is present. In many bronchi evidence of a preexisting 
chronic inflammatory process is present in the form of lymphocytic infiltration of the 
mucosa and mucous glands. 

Lungs: The pulmonary parenchyma proper shows an alternation of partially collapsed 
air sacs which often contain precipitated edema fluid and overdistended air passages 
containing trapped bubbles of air. The majorit}' of the air-filled structures can be 
identified as respiratory bronchioles and atria rather than alveoli. The presence, how- 
ever, of true anatomic emphysema, bordered by foci of fibrosis and cither anthracosis or 
lymphocytic infiltration makes the distinction between anatomic and physiologic emphy- 
sema very difficult. Both arc certainly present but their relative proportions cannot be 
judged with accuracy. 

The edema fluid in the alveoli is demonstrated in part by granular, in part by 
homogeneous precipitate. It is assumed that the latter indicates a higher protein content. 
There is minimal extravasation of erythrocytes. An occasional lobule shows frank 
pneumonic exudate with man}’' polymorphonuclcars, some monocytes and but little 
fibrin. In these areas colonies of micrococci arc present and a few cocci can be identi- 
fied in the cytoplasm of the polymorphonuclcars. 

Liver: Occasional cells are coarsely and nearly all cells finely vacuolated with fat. 
The space between the liver cords and the sinusoidal endothelium is almost uniformly 
widened, a finding usually considered indicative of hepatic edema. 

Pancreas: Negative except for the presence of considerable amounts of adipose tissue. 

Kidney: The intima of the intermediate-sized and larger arteries is thickened with 
considerable reduplication of the clastic lamellae. Small foci of atrophic tubules and 
an occasional sclerosed glomerulus are seen. A few tubules contain bluish-staining 
hyaline casts. 

On opening the head, very marked edema of the deep areolar tissues of the scalp 
is noted. The brain is normal except for congestion of the meningeal vessels and edema 
of the arachnoid. 

In summary, a forty-six-year-old man, of powerful physique, showed evi- 
dence of long-standing chronic bronchitis, moderately severe pulmonary 
emphysema, slight pulmonary and moderate systemic arteriosclerosis, fat 
infiltration of the liver and pancreas, sliglit hypertrophy of the heart and 
mild nephrosclerosis. Upon these chronic lesions were stqjerimposed severe 
but not extensive cutaneous burns of the head, neck and hands. The out- 
standing lesions were a necrotizing membranous inflammatory process in 
the upper respiratoi'y tract which produced almost complete laryngeal stenosis, 
and a similar process in the intrapulmonary bronchial tree resulting in diffuse 
bronchostenosis. Though tracheotomy would have relieved the laryngeal 
stenosis, the degree of bronchial obstruction was so great that no air-way 
could have been established. The pulmonary parenchyma, already handi- 
capped by extensive pulmonary emphysema, was drowned by massive pul- 
monary edema. Only at the periphery of the lung were there narrow aerated 
zones in which air had evidently been trapped by the diffuse bronchostenosis. 
Gross atelectasis w’as absent. 
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Section of tlic left lung after fixation shows a uniform reddish-chocolate color, 
alveoli which arc just visible to tlie naked eye and no variations in consistency. The 
lower lobe in contrast shows marked variations. An irregularly pyramidal • area, with 
a base 4 cm. in diameter along tbe dia])hragmatic surface, extends upward in a zig-zag 
pattern along the posterior surface of the lobe for a distance of J i cm. It is dark 
red in color and depressed 2 to 3 mm. below the adjoining parenchyma. In tbe fixed 
specimen it is extremely firm. The cut surface is. likewise, dark red in color, frankly 
hemorrhagic and completely homogeneous. No air bubbles are present and no trace 
of alveolar markings can be discerned. At its upper margins the hemorrhagic process 
sends finger-like processes toward the hiliis which are localized in the adventitia of 
large vessels and bronchi. The configuration of the lesion is very characteristic of 
atelectasis but its consistency and appearance on section is that of infarction. The 
remainder of the lower lobe shows compensatory pliysiologic emphysema, the alveoli 
averaging nearly twice tbe size of those in the upper lobe. 

Mediastinum: The tissues of the anterior mediastinum arc distinctly congested and 
edematous. As mentioned above this appears to be a dependent drainage of fluid from 
the more massive edema in the lower neck. 

Liver: Weight, 2265 Gm. It seems large even in proportion to the patient’s 
size. It is, in general, deep reddish-brown with some focal yellowish mottling. On 
section, the markings are not prominent, and the tissue docs not pout over the cut edge. 

Spleen: Weight, 260 Gm. It is very firm, intensely congested. Considerable pulp 
scrapes readily from tbe cut surface. The markings are not evident. 

Adrenals: Normal. 

Kidneys: Weight, 370 Gm. They arc intensely congested. The capsules strip 
readily leaving a smooth surface. The cortex averages 6 mm. in thickness. The 
pelves show scattered minute petechial hemorrhages. 

Microscopie Examination . — Larynx and Trachea: The simplest change is a loss of 
the lining epithelial cells which have been replaced by a fibrinous membrane of varying 
thickness in which l)lack granules, presumably carbonaceous, are embedded. Tins fibrinous 
layer appears loosely adherent and has frequently been detached in the process of 
sectioning. Beneath these areas the basement membrane is intact, the underlying areolar 
tissue is edematous but contains no fibrin deposit and comparatively little leukocytic 
infiltration. Where epithelium persists it is represented by a narrow layer, one or 
two cells thick, of spindle-shaped basophilic cells, the long axes of which parallel the 
basement membrane. Though no mitoses arc found one may legitimately surmise early 
regeneration. 

In the more severely involved areas a different picture is observed (Fig. 2()). The 
mucosal surface is lined by a necrotic la\'cr in which two zones can usually be recog- 
nized. Toward the lumen is a hyaline, brightly acidophilic, sometimes “fibrinoid” zone 
50 to TOO microns in thickness, which is usually devoid of any recognizable structural 
pattern and is cell free except for small numbers of infiltrating leukocytes. In a few 
areas, however, shadow forms of the original cylindrical ciliated cells can be recognized 
within it, suggesting that, in part at least, this hyaline zone has formed by necrosis and 
fusion of the epithelial layer. Beneath this hyaline zone is another zone, 100 to 200 
microns in thickness, of true fibrin deposit and dense leukocvtic infiltration. Tin’s zone 
appears to He just beneath the basement membrane, wherever remnants of it can be 
identified. 

All the blood vessels of the mucosa appear maximally dilated and engorged. A 
number of the superficial vessels close to the fibrinous layer just described contain 
thrombi which partially or totally occlude the lumina. In the smaller vessels closest to 
the surface these thrombi are often dense and hyaline; in the larger ones they arc of 
ordinary platelet and fibrin structure. The loose connective tissue of the deeper portions 
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of the Ijronchial wall is markedly edematous and contains small numbers of scattered 
polymorphonuclcars. 

Bronchial Tree: The epithelial layer where visible is completely necrotic. In 
other areas it has desquamated leaving a denuded but intact basement membrane. Over 
considerable distances the shadow forms of the necrotic epithelial cells arc visible as a 
distinct layer, sometimes still adherent to the basement membrane, more often partially 
separated from it by small lakes of serous e.Kudate (Figs. 30 and 31). The lumina 
of' most of the larger and all the smaller bronchi are plugged ndtli casts composed of 
necrotic desquamated epithelium, poE’inorphonuclear leukocytes, monocytes often con- 
taining black granules, fibrin and traces of mucus in varying proportions. One bronchus 
contains a mass of cornified epithelial cells. 

The deeper layers of the bronchial mucosa show maximal vascular engorgement 
and in some instances extensive interstitial hemorrhage. This frequently extends into 
the adventitia external to the cartilaginous rings. Leuk(x:ytcs arc usually concentrated 
just beneath the basement membrane and arc scanty in the deeper layers. 

Pulmonary Parenchyma: The picture varies widely in different portions of the 
lung. Throughout most of the lung the picture is one of physiologic emph3'scma 
alternating with edema and partial collapse. In the latter areas the alveoli average bne- 
third to one-half the size of expanded alveoli, and arc uniformh' fluid-filled. No 
complete alveolar collapse is found. Even in the partially atelectatic areas, foci of 
trapped air are found in overdistended atria and respiratory bronchioles. The edema 
fluid for the most part has precipitated as an homogeneous, colloid-like mass in the 
alveoli. There arc no fibrinoid membranes and little diapedesis of red cells. 

Sections from the large hemorrhagic area (Fig. 32) described at the base of the 
left lung are somewhat unusual in appearance. The alveoli arc uniformly small, one- 
third to one-half the size of those in neighboring areas. Their lumina are uniformly 
devoid of air as arc also those of the atria and respiratory bronchioles. The majority 
are packed with red cells but others contain colloid-like edema fluid, and still others 
interlacing strands of fibrin; and all combinations of these three elements occur. Almost 
no leukocytes are present. The alveolar walls arc perfectly preserved, their nuclei stain 
well and their capillaries can usually be made out and appear congested. The adventitia 
of all blood vessels in the zone is markcdlj’^ hemorrhagic and packed red cells are 
found in many Ij’mphatics. 

Scattered throughout all lobes of both lungs, nonadherent hj'aline emboli, similar 
to those noted in the superficial vessels of the larjmx and trachea, are found in many 
of the pulmonary arterial branches. Other vessels, in the neighborhood of the hemor- 
rhagic areas, show fresh, occlusive thrombi of the usual platelet and fibrin type. 

Liver: Moderate fine, fat vacuolization is present in the hepatic cells of the central 
third of the lobule. In this same region slight edematous separation of the sinusoidal 
endothelium from the liver cords is evident. 

Kidney: Negative. 

Adrenal: The cell cords in the outer half of the fascicularis and inner glomerulosa 
show separation of the cells by pools of serous exudate in which a few strands of fibrin 
are frequently found. In an occasional focus there is complete interruption of the 
continuitj' of the cord where cells have completelj' disappeared. An occasional brightly 
eosinophilic cell with pknotic nucleus and a few foci of polymorphonuclear infiltration 
are found (Fig. 33). 

Stomach: A section from the fundus shows marked vascular engorgement and 
scattered petechial hemorrhages in the mucosa. 

Brain: There is disorganization of the Nissl substance of the cortical nerve cells. 
Scattered astrocytes in the cortex have swollen cytoplasm and two or three nuclei. 
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Marked satellitosis, such as is present in Case 27, is not observed, but sections from a 
corresponding region of the brain are not available. 

Case 7, in summary, showed essentially the same type of membranous 
necrotizing inflammation of the larynx, trachea and bronchial tree as Case 25. 
In comparison, the process was somewhat more severe in the larynx (trache- 
otomy had been performed) and a little less intense in the bronchial tree. 
In contrast, the pulmonary changes were radically diflferent. Whereas pre- 
existing anatomic emphysema and acute pulmonary edema dominated the 
picture in Case 25, in this one, atelectasis and compensatory physiologic 
emphysema were the rule. A complicating factor was provided by the ex- 
tensive hemorrhagic lesions in the lower lobes. These are extremely difficult 
to interpret. Their gross configuration and their distribution conformed with 
the usual pattern of atelectasis, but the character of the cut surface seemed 
typical of infarction. Microscopic examination showed extensive hemorrhage 
into the alveoli compatible with infarction and multiple arterial emboli. How- 
ever, the alveolar walls showed no necrosis and there was no trapped air 
within the lesion. No leukocytic infiltration was present, even at the margins. 

The problem is to explain the massive alveolar hemorrhage. The picture 
was clearly not pneumonic. Blood aspiration from massive bronchial hemor- 
rhage ordinarily presents a dispersed, fan-like pattern rather than the massive 
involvement present here. Furthermore, no clots were present in the bron- 
chial tree and there was no history of massive hemoptysis. Simple atelec- 
tasis,^ when based on bronchial occlusion, not on external pressure, is 
associated with serous exudate into the alveoli and moderate numbers of red 
blood cells may be present, but they never dominate tlie picture. 

The final alternative is infarction. In very recent infarction sufficient 
time may not have elapsed to produce visible changes in the alveolar walls 
but in such early infarcts trapped air is almost invariably found. A condi- 
tion known as partial infarction- must also be considered. This is a paren- 
chymal injury based on arterial occlusion which does not go on to tissue 
necrosis because a collateral circulation develops within a comparatively 
short period. In this condition extensive hemorrhage into alveoli may occur, 
but again total displacement of air Avould be most unlikely. The final 
l^ossibility to be considered is that infarction developed in a previously col- 
lapsed atelectatic area. This hypothesis would fit the gross appearances, but 
since the microscopic examination failed to show evidence of necrosis of 
alveolar walls it would be necessaiy to assume tliat it was very recent or 
that the infarction was but partial. The evidence does not warrant a definite 
diagnosis. 

Another feature of note was the microscopic demonstration of adrenal 
cortical necrosis. This is of interest because of the physiologic evidence 
of change in adrenal cortical function oibtained by Dr. Cope, and his associates, 
from study of the 17-ketosteroids excretion (metabolic observation). The 
brain showed histologic changes characteristic of anoxemia. 

Case 27. — The body is that of a well -developed and well-nourished young woman, 
age 18. There are extensive superficial burns as follows: Third degree burns, the 
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membrane containing numerous leukocytes. Interspersed witli such areas are others 
where variable proportions of epithelium persist. Occasionally it is of nearly normal 
thickness but without recognizable differentiation into ciliated cells or goblet cells. 
Marked leukocytic infiltration is invariably present between the persisting cells. More 
commonly, the epithelial layer is thin and consists of one, two, or occasionaily three 
layers of somewhat elongated oval or spindle-shaped cells whose long axes parallel 
the basement membrane (Fig. 34). 

The deeper layers of the bronchial walls are invariably congested and occasionally 
hemorrhagic. The degree of leukocytic infiltration is not, however, great except for 
a narrow zone immediately beneath the basement membrane. Blood vessels within the 
bronchial walls are not thrombosed. The lumina of all medium-sized and small bronchi 
arc more or less completely plugged with c.xudate. This consists in part of desquamated 
epithelium, in larger part of fihrinopurulent exudate intermixed with some masses 
of mucin. In one bronchus masses of cornified epithelial cells are found, presumahly 
aspirated from higher in the respiratory tree. In another bronchus two large clumps 
of micrococci are seen. 

Pulmonary Parenchyma : The picture is variegated, being compounded of inter- 
mixed atelectasis and physiologic emphysema, edema, pneumonia and focal infarction. 

The edema is for the most part associated with partial atelectasis. The alveoli are 
smaller than normal but never completelj- collapsed and their lumina contain extensive 
granular deposits. In one respect, however, the picture varies from the preceding three 
cases. In many areas a brilliantly acidophilic fibrinoid membrane has formed peripheral 
to the granular material and in apposition with the wall of the air passage. These 
membranes are usually found in respiratory bronchioles and atria and comparatively 
rarely in alveoli (Fig. 35). In a few areas clusters of red blood cells are mixed with 
the granular precipitate. 

The areas of infarction arc lobular in size and the alveolar lumina are solidly 
packed with red cells. The alveolar walls are largely viable hut in the center of 
the lesions they show early signs of necrosis. No trapped air is found in these foci, 
and bronchioles extending into them show no necrosis of their walls. One focus 
of partial infarction is found in which the alveolar lumina are packed with red 
cells and the capillaries contain hyaline thrombi hut the alveolar walls are not necrotic. 
Throughout the lung, sometimes in comparatively normal areas, small, dense, usually 
nonocclusive thrombi are present in occasional vessels (Fig. 36). Two fresh fibrin 
and platelet thrombi are found in vessels 2-3 mm. in diameter. These are adherent to 
the walls and one shows traces of organization at the periphery. 

The pneumonic foci (Fig. 37) tend to he peribronchial in one location. They show 
serous precipitates, fibrin, red cells and numerous polymorphonuclear leukocytes. In 
some of the pneumonic foci, fibrinoid membranes are present and, again, are usually 
found in respiratorj^ bronchioles and atria rather than in alveoli. Organisms are not 
numerous and are entirely intracellular. They appear to be cocci in pairs and 
short chains and are never lanceolate. 

Adrenals: Distinct abnormalities are present. The cell cords, particularly in the 
outer half of the fascicularis, are frequently split and sometimes partially transected 
by spaces in which granular detritus has precipitated, indicating an accumulation of 
serous fluid. In these spaces mononuclear phagocytes are present in small numbers. 
In a few small and scattered foci acidophilic necrosis of adrenal cells is present and 
in these areas polymorphonuclears have collected (Fig. 38). The chromaffin cells of 
the medulla appear shrunken and the space between them and the sinusoidal endothelium 
is widened, suggesting edema. 

Brain : The cerebral cortex is definitelj'- abnormal. - Many of, the larger nerve 
cells including some of the Purkinje cells are surrounded by an increased number of 
satellite cells. Several mitotic^ glia cells are observed. Oligodendroglia cells in the 
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grey and white matter are swollen and those in the white matter arc increased in 
number. Purkinje cells in the crowns of the folia have a disorganized Nissl sub- 
stance and shrunken, deeply stained nuclei. 

In summary this young woman was, like most of the female victims, 
much more extensively burned than the vast majority of the males but 
the extent of the cutaneous burns was hardly sufficient in itself to have 
caused death, especially in view of the prompt and vigorous therapy which 
she received. As in the two preceding cases, extensive pulmonary lesions 
appeared to be the major cause of death. Membranous bronchitis extended 
far into the periphery of the bronchial tree and atelectasis was more extensive 
than in any of the preceding cases. As in Case 7, multiple small emboli 
were demonstrable in many portions of the lung and several foci of dense 
lobular hemorrhage were present which seemed characteristic of infarction. 
Many more small foci of pneumonic infiltration were apparent on micro- 
scopic examination than had been recognized in gross. These occurred 
chiefl}'- in areas of partial atelectasis and since the degree of leukocytic infil- 
tration was not dense it seems probable that they were of comparatively short 
duration. Adrenal cortical necrosis was again ap2:)arent, as in Case 7. and 
the brain showed well-defined changes consistent with prolonged anoxemia. 

.SUMMAnY OF POSTiMOUTEAt FINDINGS 

Six autopsies were performed upon victims of the Cocoanut Grove dis- 
aster. Three of these were upon bodies pronounced dead at the time of 
their arrival at the hospital and three upon cases which survived periods 
ranging from 40 to 62 hours. Common to all six cases were cutaneous burns 
of first, second and third degree of the exposed surfaces, the head and 
hands in all instances, and the shoulders, arms and back in the females who 
had worn low-cut evening gowns. In all cases the burns were particularly 
severe about the head. In the males the total area of cutaneous involvement 
was not great and even in the females it was certainly insufficient to have 
accounted for death within the brief period before the victim reached the 
hospital. 

Postmortem examinations of the three cases dead on arrival showed a 
brilliant cherry-red discoloration of the muscles and of such blood-rich 
viscera as the lungs, liver and spleen, suggesting immediately the probability 
of carbon monoxide poisoning. . Chemical determinations confirmed this 
surmise by demonstrating 42 and 50 per cent saturation of the hemoglobin 
with monoxide in two cases. In a third case, an effort was made to detect 
other poisonous products of combustion. The gaseous content of the 
tracheobronchial tree was aspirated under suction and analysis showed traces 
of oxides of nitrogen, a finding not confirmed by a second analysis. 

All of the cases dead on arrival showed intense but nonnecrotizing hemor- 
rhagic tracheitis and bronchitis, and all presented heavy voluminous lungs, 
from the cut surfaces of which fluid in large amounts could be expressed. 
Microscopic examination confirmed the presence of acute pulmonary edema 
and demonstrated in the upper tracheobronchial tree a serohemorrhagic exu- 
dation without significant leukocytic infiltration. It was concluded that 
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the victims had inhaled an irritant agent, either physical or chemical, that 
they had lived long enough to develop a serous but not a leukocytic reaction, 
and that, therefore, their survival period was to be measured in minutes 
rather than in seconds or in hours. The mechanism of death -was anoxemia, 
dependent in part upon inhalation of carbon monoxide and in all probability 
other gases, and in part upon edema of the lungs. 

The cases which died after varying periods upon the -wards .showed 
similar distribution and extent of cutaneous burns. The .major visceral 
lesions were again found in the respiratory tract. Tn Cases 7 and 25 severe 



Fig. 40. — A liiRlier magnification 
of tile hroncliial cast seen in Fig. 39- 
Note tile necrotic respiratory epithe- 
lium in the separated membrane. 


necrotizing laryngitis, with the formation of a pseudodiphtheritic membrane, 
had led to almost complete laryngeal stenosis. It is interesting that the 
process was most severe beneath, rather than above the vocal cords. 

All three cases showed diffuse hemorrhagic and focal membranous reac- 
tion in the lower trachea and primary bronchi. All three showed diffuse 
membranous bronchitis most severe in the secondary and tertiary subdi- 
visions of the lobar bronchi but extending in many areas to the smallest 
bronchioles. The membranes were found to be sometimes firmly adherent 
to the bronchial walls, sometimes readily separable. In many areas, notably 
in Case 7, the membranes had spontaneously separated and had coiled 
themselves within the bronchial lumina to form occlusive plugs. One of 
these, which was spontaneously raised by a patient who survived, is illus- 
trated in Figures 39 and 40. 
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clearly demonstrable in Cases 7 and 27. In two cases the brain showed 
changes attributable to prolonged anoxemia. 

DISCUSSION 

Many of the facts of the Cocoanut Grove disaster are still shrouded in 
mystery, and it is not improbable that some of them will always remain so. 
It is clear that the victims were exposed briefly to flame of great intensity 
arising from inflammable material and, for a longer period, to toxic products 
of combustion which, in the enclosed space, may have reached high con- 
centrations. Of the nature of the latter, nothing as yet is definitel)^ known, 
beyond the demonstrated presence of carbon monoxide and at least traces 
of oxides of nitrogen. It may be assumed that both factors may’ have 
played a role in the pathologic lesions which were observed. 

Testimony indicates that the flames .were, to a considerable extent, 
limited to the upper portions of the various rooms. This checks with tlie 
pathologic observation that the heads of the victims were disproportionately 
burned. It also makes it understandable that inhalation of flame was fre- 
quent. How far flames may have penetrated into the respiratory passages 
is more difficult to determine with precision. Characteristic eschars were 
found within the nares; the black membranous exudation of the larynx, 
and the lesions in the trachea were probably of similar origin. The 
exaggeration of the necrotizing process below rather than above the vocal 
cords was presumably due to eddy formation below a point of narrowing. 
Lesions of this type are not unusual in the experience of a Medical Examiner. 

More difficult to account for was the massive pulmonary edema which 
must have developed in an extremely brief period of time. Even with the 
most toxic war gases some latent period is usual, frequently a period of 
several hours. Anoxemia alone will rapidly produce pulmonary edema as 
Drinker, and his collaborators® have shown. Perhaps a combination of 
anoxemia and some irritant vapor may have worked synergistically in 
these cases. 

The most characteristic feature of the material was the diffuse mem- 
branous bronchitis. This is a characteristic efifect of several of the war 
gases, notably phosgene, mustard gas and chlorpicrin.'* It is also charac- 
teristic of nitrogen dioxide inhalation.® Plerein lies the strongest pathologic 
evidence for inhalation of toxic fumes. 
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of all degrees were encountered, many having third degree or full-thickness 
burns. 

The burns were sooty and shaggy, with unruptured blebs. Many were 
cherry-red color from carbon monoxide poisoning. Some of them looked 
clean, others grossly dirty. Many of the patients had been crawling on 
the floor at the fire, others had been dragged out from jflies of dead. Many 
of the dead, and some of the unconscious who lived had been incontinent of 
both urine and feces. 

But one type of surface treatment was applied to the burns of the skin 
of all of the 39 patients. A bland ointment with protective dressing was 
applied without any preliminary debridement or cleansing, and antibacterial 
chemotherapy was given internally. 

As the patients entered the Emergency Ward, either walking or on 
a stretcher, sterile towels were placed over the burned surfaces. No 
covering was put over the faces. Insofar as ])ossible these towels were 
held in place as the patients were undressed and transferred from stretcher to 
bed. For those patients having burns of the back, buttocks, and upper 
legs, sterile sheets were placed on the bed. 

A needle was inserted for the intravenous administration of plasma 
before the dressings were applied to the burned surfaces. In many this was 
done while the patient was still on the stretcher. 

When a patient was settled in bed, the sterile towels were folded hack 
and the burn surfaces covered with sterile boric ointment strips. These 
strips were applied by interns or medical students who were not only capped 
and masked but were scrubbed and wearing rubber gloves. The burn 
surfaces were neither elcansed nor debrided* 

The boric ointment gauze of fine mesh was covered with sterile gauze 
to protect the wounds. Burns of the face, scalp, and of the extremities 
were bandaged with pressure. This was accomplished b}'^ adding roller 
elastic bandages on top of the gauze dressing. Over the burns of the trunk, 
large stockinet rolls were applied. The dressings of burns of the neck were 
held in place by ordinary gauze bandages. The eyes, after application of 
5 per cent sulfathiazole ointment, were closed and were included in the 
pressure dressings of the head. Only the nostrils and lips were left un- 
covered. 

As a final part of the initial surface treatment, two grams of sodium 
sulfadiazine were injected intravenously through the cannula or needle 
already in place for plasma transfusion. 

This surface dressing, and the chemotherapy, completed the care of the 
wound. It was first aid and definitive treatments combined. The dressings 
were not changed until the fifth to tenth day, when boric ointment gauze 
was reapplied. To those burns which proved to be of second degree, no other 
type of dressing was applied. To those areas later proving to have deep de- 

* The face and left hand of one patient (Case 17) was partially debrided and 
cleansed with soap and water before applying a dressing of 5 per cent sulfathiazole 
ointment. This was done before the general order was appreciated. 
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genic bacteria. There are normal habitants of skin which are not sufficiently 
virulent to cause infection, and little trouble is to be expected from these. 
Virulent bacteria are destroyed, perhaps by the skin lipoids.^ The heat 
producing the burn also decreases the number of bacteria present on the 
skin at the time. 

Finally, it remained to find out in patients with burns what happened 
to the fluid of, and healing beneath, the unruptured vesicles. Twenty-six 
patients had been studied prior to the Cocoanut Grove fire. The fluid from 
more than one bleb was observed in many of the patients. In those arriving 
at the hospital with unruptured blebs, the blebs were protected by gauze 
to prevent rupture. Many of the patients’ burns were hours to days old 
when first seen, and the blebs had not been protected from contamination by 
any dressing. From 24 hours to 14 days after the burn the fluid was 
removed from the vesicles under sterile precautions and cultured in Dr. 
Champ Lyons’ laboratory. In a few instances, the nonpathogenic sapro- 
phytic organisms of normal skin were recovered. In only one instance was 
a pathogenic organism, a beta hemolytic streptococcus, obtained in fluid of 
an unruptured bleb, and in this case alone was the fluid purulent. It was 
the clinical impression that the healing beneath the unruptured blebs occurred 
as rapidly as under any of the agents commonly recommended for the burn 
surface. 

Another objection which has been raised to nondebridement is that the 
dead epidermis of vesicles which have already ruptured provides a culture 
medium for organisms. Such broken epidermis usually retracts and is often 
found rolled vtp in a corner of the old vesicle. Admittedly, it looks messy and 
unsurgical, but how dangerous a culture medium is it and what do we 
accomplish by taking it away? If it is excised and a dressing applied, it 
will be replaced by a layer of fibrin between cells and dressing. As far as is 
known, this inert fibrin is as good a culture medium as the dead epidermis. 
Since unruptured vesicles are not infected, the under surface of the broken 
epidermis is presumably uninfected. Even though it now covers a lesser 
surface of the burn, it is still a protection and as physiologic as any that is 
now known. 

A major point in favor of nondebridement of the burn wound is, as 
has been shown in this laboratory, the availability to the wound of chemo- 
therapeutic agents administered internally. Absorption of sulfonamides 
applied locally to the debrided burn surface has been obsen'^ed at this 
hospital by Dr. Lyons, and also reported in the literature. Such absorp- 
tion may be rapid and irregular and if the burn surface is large, toxic 
levels of the drugs in the body fluids may be reacbe,d. (Absorption from 
a nondebrided surface has not been measured.) 

The levels of the sulfonamide drugs in the body fluids are more easily 
controlled by internal administration. Therefore, if it could be shown that 
these drugs permeate through the burn tissue, this route would be preferable. 
Since sulfonamides are freely diffusible and there is an increase in capillary 
permeability in the region of the burn with delayed clotting of the edema 
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the rate of healing. There is no proven clinical method of judging accurately 
the extent to which the cells are damaged by the burn, and thus no two 
burned areas can be considered of identical depth or degree. Obviously, 
the deeper the burn, the slower the healing will be. Also complications of 
the burn, infection and malnutrition, delay the eventual healing. The 
effect on healing ascribed to an agent may be due in reality to the depth 
of the burn or to other factors.* 

Boric ointment gauze was used as the control agent in these experi- 
ments upon epithelial regeneration. It is chiefly because this ointment is 
commonly used in hospitals for many purposes that it has been chosen 
for treating burns. Dr. Lyons feels that the boric acid in the ointment may 
inhibit the growth of the pyocyaneus organism. (It is known to rid granu- 
lating wounds of p3'’0cyaneus infection.) The relative absence of this 
organism in the wounds in the patients treated in the disaster is a 
possible confirmation of this effect. It should he pointed out, however, 
that little is known regarding the absorption of boric acid from burn or 
granulating surface wounds, and since boric acid has been occasionally 
reported to give rise to toxic S3nnptoms. it may prove wise, after further 
investigation to omit the boric acid and use plain petrolatum for burns. In 
this way, excessive absorption from large areas would be avoided.! 

A bland ointment usually gives prompt relief of pain. Apparently any 
oily substance, perhai^s because it excludes air from the wound, is com- 
fortable. If pain persists, it may be due to too tight a dressing. 

Pressure Bandaqe and Splinting . — The indications for the use of pres- 
sure dressings on the extremities and face are not clear to us. Pressure 
dressings on the extremities do prevent the occurrence of massive edema 
beneath the bandages but may not prevent the loss of plasma. In the patients 
of the Cocoanut Grove disaster, the fluid Avhich seeped out in the burned hands, 
and which would have formed edema locall3^ was e.xpressed up the arm and 
produced massive edema. Edema of the burned faces developed despite the 
pressure dressings. Where the scalp was not burned in addition to the 
face, edema fluid from the face was expressed posteriorl3'^ and a generalized 
edema beneath the bandage was produced. Edema fluid was also expressed 
downwards into the soft tissues of the neck and over the shoulders and 
upper chest (color section Fig. 15 b). (Massive edema of the breasts devel- 

* The solutions of both tannic acid and the triple dyes recommended for the treat- 
ment of burns are strongly acid, pu 2.0 and 2.5, respectively. Neutralized solutions 
were not tried. It is possible that the retardation of healing was due to the aridit}'' 
rather than to anything specifically involved in the tannate or the dyes. 

t Since this article was written, the urine of 20 of the patients has been analyzed 
for boric acid. A maximum of 2 Gm. was excreted in 24 hours in the first two days 
in the patients with extensive burns. Later on when boric acid solution was used to 
irrigate the granulating wounds, as much as 2.5 Gm. were excreted in the urine in 24 
hours. These levels are far below those of excretion reported in patients having toxic 
S3^mptoms from boric acid poisoning. Since all our patients maintained normal kidney 
function it is probable that the excretion of boric acid was prompt, toxic levels from 
absorption were not approached, and the use of boric acid in petrolatum is safe. 
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Infection is to be avoided not only because of the shock due to infectious 
toxemia but also because it delays wound healing and adds to scarring. 
Indeed, it is probable that the growth of various organisms on burn wounds 
destroys otherwise viable epithelium and. may convert a deep second degree 
burn into a full-thickness destruction of the epithelium. From the point 
of view both of survival and early convalescence, infection is most objectionable. 

The simpler the treatment, the less manipulation there will he of the 
patient. From the point of view of aggravation of shock this is important. 
The rolling of the patient, incident to debridement and washing, not only 
increases pain but disturbs further the circulatory imbalance impending in 
shock. Since a simple treatment Avith minimal requirements of materials 
will he applied earlier, quicker relief of pain will he obtained, and this 
too helps to prevent shock. 

Results . — The results of the treatment of the burn surface have been 
considered by the Staff as gratifying. The second degree burns healed 
promptly without evidence of infection, and with minimal scarring. Ex- 
amples are shown in the colored photographs (color section Fig. 13 a-e. and 
color section Fig. 15 a-e). Of the deep burns, the wounds remained un- 
usually free of aetive or invasive infection. In his article. Dr. Lyons details the 
course of hacteriologic flora of the wounds and the success of the chemotherapy. 
Cultures of the burn wounds were not obtained until the time of the first 
change of dressings so the amount and nature of the contamination present at 
the time of entry is not known. The subsequent lack of invasive infection Avas 
presumably due to the chemotherapy rather than to any unusual cleanliness of 
the burns on arrival for they Avere grossl)' dirty, and there Avere many chances 
for fecal and respiratory tract contamination before arrival at the hospital. 

Clinical proof that the original surface treatment used, did not lead to 
infection, and, indeed, on the contrary, AA^as effectiA’^e in checking the groAVth 
of organisms which were present, is shown by the experience Avilh the 
left hand of Case 2 (color section Fig. 14 a-j). Taa^o extensor tendons AA'ere 
exposed on the dorsum of the hand and Dr. Cannon elected to graft the hand by 
burying it in the abdominal wall. Had there been active infection in this 
Avound the tendon Avould not have survived, the graft Avould not have be- 
come attached, and the abdominal wall Avound Avould have suppurated. 

On the fifteenth day after the disaster, the isolation floor Avas closed. 
Sixteen patients by this time had been discharged home Avith lungs free of 
signs and with surface burns healed. Another patient Avith a small third 
degree burn of an ankle had been discharged on the fourteenth day to a 
NaA'^al Hospital, the second degree burns having healed. (SeA^en patients 
had died as the results of the pulmonary complications.) 

Of the 15 patients left in the hospital, four Avere held for residual pul- 
monary signs, the second degree surface burns of three having healed. (The 
fourth had no surface burns). These four Avere discharged from the seven- 
teenth to the thirty-second day. 

The patient Avith the central nervous S3^stem damage from anoxia re- 
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PROBLEMS OF INFECTION AND CHEMOTHERAPY* 

Champ I^yons, M.D. 

FROM THE DEPARTMENT OF SURGERY OF T!iE HARVARD MEDICAL SCHOOL AND THE SURGICAL SERVICES 
OF THE MASSACHUSETTS GENERAL HOSPITAL, HOSTON, MASS. 

Therk is probably no surgical wound more difficult to evaluate from 
the point of view of bacterial infection than a deep burn. It is impossible 
to assess the depth and extent of the fresh burn, and a large number 
f)f different types of bacteria are recoverable from the burn surface. Dur- 
ing the pha.se of healing it is frequently impossible to determine to what extent 
the bacterial contamination has contributed to tissue necrosis. The patho- 
genicity of certain bacteria may be obvious but with others there may be 
considerable question. Bacteria which, in pure cultures, are classified as 
saprophytes may in mixed cultures be pathogens in consequence of synergism. 
It is usually difficult or impossible to determine the quantitative aspect of 
the initial contamination or the resistance of the host. 

Taiii.e I 

SUl.KONAMIDi; Ill.OOl) I.KVIil.S Dl’KING Till: I'lRST 1 KN DAYS OF TRKATMFNT 


Siihseniiciit 

Level iDg.% Initial Minimal Maximal 

Le.ss than 2 0 2 0 

2— 3 2 .S 2 

3— 4 2 6 1 

4— S 12 14 1 

5— 6 6 0 2 

6— 7 I 0 3 

7— 8 .3 1 8 

8— 9 2 0 4 

9— 10 0 2 

10— 11 3 

11 — 12 0 

Total No. of patients 30 28 28 


Certain principles of treatment were agreed upon during the period of 
arrival of the first patients. In general, it was held that : 

1. The prevention and treatment of shock must be the first and im- 
mediate consideration. 

2. Further contamination of wounds must be avoided. 

3. Measures to control the established bacterial contamination would 
be limited to increasing the resistance of the host by chemotherapy, 
passive immunization and maintenance of nutrition. 

The role of shock in infections cannot be overemphasized. The hemo- 
lytic streptococcus is frequently a preferential anaerobe,^ and one of its lethal 
toxins is oxygen-sensitive.^ The importance of shock in gas gangrene, and 
vice versa, was well recognized in World War I. Any factor which retards 
the circulation and lowers tissue oxygenation invites anaerobic growth of 

The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Develop- 
ment and the Massachusetts General Hospital. 
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tendants here wore clean unsterile operating room clothes, caps, masks, 
and rubber gloves. The gloves were sterile initially but these were con- 
taminated from wound to wound and from patient to patient. Hospital 
supervisors and directors as well as military officers were admitted to 
the ward when masked. As soon as clothing was removed from patients 
the burns were covered with sterile boric ointment strips and sterile gauze 
under a pressure dressing. The materials used for this purpose were 
originally sterile but much cross-contamination occurred in the process of 
application of the dressings. 

With the occlusive dressing in place, attention was focused chiefly on 
the masking of attendants and the “isolation” of the patients. The burn 
ward was established as a complete hospital unit. One solarium was set 
u]i for roentgenologic examination and another was converted into an 

Taiilk IV 

rASF. 2: nisciiAnoEi) on 87tii day. rkouihkd skin crakting 


Weeks 1st 2n(l .Ird 4lli .Itli 6tli 7tl) Stii Otli 

Treatment: 

Penicillin "" 

Sulfadiazine 

Organisms; 

Stapli.. coag. + + + + + + d- + 

Staph., coag. — + + + 

Beta strep., group A 

Beta strep., other + + 

Alpha strep + 

Gamma strep., aer 

Gamma strep., anaer 

E. colt, etc + + 

B. -pyocyaneus + 

B. proleus + + + 

Cl. welchii + + ' 

Other Clostridia 

Diphtheroids -h + + + + + 

B. sublilis + -p + 


operating room for the change of dressings with complete aseptic technic. 
Entrance to the ward was allowed only to those directly concerned with 
the care of the patients. In general, families and visitors were excluded, 
but family physicians, sectarian religious advisers and accredited investi- 
gating scientists and physicians were admitted to the ward by appointment. 
Admission to the operating room for observation of wounds during dress- 
ing periods was restricted to those persons necessary for the immediate 
problem of changing the dressing, photography, and bacteriologic study. 
Throat cultures were taken on all visitors to this operating room and the 
room was thoroughly cleansed and set-up again before each change of 
dressing. 

The Prophylaxis and Treatment of Injections . — Sulfonamide Therap}^: 
About two hours after admission the patients were in bed on the isolation 
ward with bandages in place and intravenous fluids started. A single 
technician was given a flask of 5 per cent sodium sulfadiazine in sterile 
distilled water and a sterile 50 cc. syringe; 2 Gm. of sodium suladiazine 
in 40 cc. solution were injected into the rubber tubing of each intravenous 
set. The injection was assured of prompt conveyance to the vein bj' 
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In this group of patients the level varied roughly between four and ten mg. 
per cent. No patient developed an abnormally high blood level. The 
maximal period of treatment was 134 days in one patient. 

The complications attributed to sulfonamide therapy in 26 patients re- 
ceiving drug for seven or more days are listed in Table II. 

It was necessary to administer alkali and alter dosage to control hema- 
turia and crystalluria but no patient developed costovertebral tenderness or 
anuria. The drug had to be omitted in live patients: Two with fever; two 

Table VII 

CASE 13: DISCHARGED ON 143RD DAY. REQUIRED SKIN CRAFTING 

Weeks 1st 2nd 3rd 4 th Sth fith 7th 8th 

Treatment: 

Penicillin — 

Sulfadiazine 

Organisms: 


Staph., coag. + 

+ 

+ 

+ 

+ + 

+ 

+ 

Staph., coag. — 

+ 


+ 

+ 


+ 

Beta strep., group A 







Beta strep., other 







Alpha strep 




+ 



Gamma strep, aer 




4* 

+ 


Gamma strep., anaer 







E. colt, etc. 


+ 





B. pyocyaiteus 





+ 


B. Proteus 



4“ 

4- 4* 

+ 

+ 

Cl. welchii 




4“ 



Other Clostridia 




+ + 

+ 

4* 

Diphtheroids 


-h 

-t- 

+ + 

-h 

-i- 

B. subtilis 

+ 

+ 

+ 

4* 4- 

+ 

4- 


with rash ; and one with agranulocytosis. Agranulocytosis was apparent in 
Case 20 on the twenty-fifth day. Sulfadiazine was promptly omitted. The 
white blood cell count dropped to i,ooo on the twenty-sixth day, and she 
was started on pentnucleotide therapy. She had been receiving penicillin 
since the sixth day and its administration was continued. There was a 
prompt remission of the agranulocytosis by the thirtieth da}'’, when the white 
blood cell count had returned to 8,500. 

Tetanus Prophylaxis : Members of the armed forces remaining in the 
hospital for more than two days received “booster” doses of tetanus toxoid. 
Civilians were skin-tested with a i :io dilution of horse serum the morning 
after admission, when shock was obviously controlled. No positive reactions 
were observed and 3,000 units of tetanus antitoxin were given all civilian 
patients with surface burns, with three exceptions. The exceptions were 
individuals with severe respiratory difficulty in whom it was desirable to 
avoid any risk of bronchospasm. 

Penicillin Therapy; Eleven patients were noted on the sixth day to have 
temperature elevations to 101° F., or higher by rectum. In many of these 
a real leukocytosis was present. In spite of the clean appearance of the 
wounds, it was felt that infection was probably present to produce these 
changes. Coagulase-positive staphylococci had been demonstrated to be 
the predominant pathogens in the respiratory tract of the patients dying of 
respiratory obstruction and similar organisms had been recovered from the 
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in light of subsequent o 1 )servations by Dr. Keefer and ourselves. It was 
also given in the majority of the patients along with sulfadiazine. No toxic 
reactions were attributable to the penicillin. 

Tables IV through XII summarize the bacteriologic findings in the 
patients with deep burns requiring skin grafting and treated with penicillin. 

Table XIII summarizes the bacteriologic picture of the surface wounds. 
The initial contaminating flora was a mixture of staphylococci, alpha hemo- 
l3dic streptococci, diphtheroids and B. suhiilis. With the exception of the 
alpha hemolytic streptococcus these strains persisted as long as the wounds 
were unhealed. The group A beta hemolytic streptococcus was present 
initially in three patients and was subsequently implanted in three more 
patients. The secondary contamination occurred after the original strict 

Tahi.k X 

CASi! 28: nisciiARorn on 67tii day. RKQDiRnn .skin GRArTiNO 


Weeks 1st 2nd .Ird 4tli .sth 6th 7th 8th 9th 

Treatment: 

Penicillin — 

Sulfadiazine 

Organisms: 

Staph., coae- + + + + + + + + 

Staph., coag. — + + + + 

Beta strep., group A 

Beta strep., other + 

Alpha strep 

Gamma strep., aer + 

Gapima strep., anaer 

Ji. eoU, etc 

B. pyocyaiieus 

B. proleus + + + + + 

Cl. welchii 

Other Clostridia 

Diphtheroids + + + + + + 

B. sublilis + + + + + + 


isolation was relaxed at the beginning of the third week. Anaerobic Clos- 
tridia were present initially but tended to disappear. A sufficient number of 
these anaerobes persisted to warrant immunization to tetanus. The most 
interesting finding was the distribution of the proteolytic gram-negative 
bacilli. E. coli was present initially in a few cases and tended to persist. 
B. proteus appeared at the end of the second week as the eschars of deep 
burns began to separate and was present in all unhealed wounds by the 
fifth week. Pseudomonas aeruginosa (B. pycocyaneus) was an inconstant 
contaminant. 


INFERENCE FROM CLINICAL OBSERVATIONS 

This program of treatment adequately controlled invasive infection. There 
was no evidence of cellulitis, lymphangitis, lymphadenitis or bacteremia. 

’ Superficial burns healed without suppuration in the usual lo- to 14-day 
period. The deep burns were all frankly infected and suppurative, but 
there was no evidence of marginal ulceration of healthy tissue. The 
outstanding feature of the infection was its limitation to the tissue devitalized 
by the original thermal injury. Pus formation was associated with the 
separation of the burn eschar and the presence of proteolytic gram-negative 
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burn by an examination of the wound prior to skin grafting. Our experience 
indicates that a superficial burn heals kindly with any method of treatment 
that prevents destructive hemolytic streptococcal infection. It is equally 
true that no method of treatment has arrested the growth of bacteria in the 
deeply burned tissues. The treatment adopted in this group of cases was 
based upon the premise that the preservation of the vitality of the undam- 
aged cells was a realistic objective in the treatment of burns. It is believed 
that reasonable success attended the use of a nonadherent occlusive local 
dressing and systemic supportive and antibacterial therapy. The failure to 
sterilize the devitalized burned tissue by such a method was not unexpected. 
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Weeks 

.. 1st 

2 lid 

5rd 

4 th 

Sth 

6tU 

7tli 

Stli 

9Ui 

No. of cultures 

.. 24 

17 

10 

9 

9 

5 

6 

4 

1 

Organisms; 










Staph., coag. + 

.. 20 

16 

9 

8 

7 

5 

5 

3 

1 

Staph., coag. — 

.. IS 

10 

6 

3 

3 

3 

4 

1 


Beta strep., group A . . . . 

3 

4 

3 

2 

I 


1 



Beta strep., other 

1 


3 






1 

Alpha strep 

.. 15 

5 

1 

2 


1 




Gamma strep., aer 

I 

1 

1 

1 

2 

2 




Gamma strep., anaer. . . . 


1 



1 





E. coil, etc 

.. 5 

4 

4 

2 



1 



B. pyocyaneus 

1 

1 

3 

2 


3 

I 

1 


B. proleus 

2 

1 

4 

6 

9 

3 

5 

2 


Cl. welchii 

6 

2 

1 

1 






Other Clostridia 

2 



1 

1 

1 

1 



Diphtheroids 

.. 17 

15 

10 

8 

5 

5 

6 

3 

1 

B. sublitis 

.. 21 

16 

9 

9 

6 

1 

4 

2 



Indeed, if it is ever possible to sterilize such tissue, the removal of the 
eschar may become a major problem. 


The observation of this group of patients with controlled and limited 
infection has thrown into sharp contrast the derangement of bodily homeo- 
stasis incident to the traumatic insult of a major burn. This damage plus 
the metabolic burden of infection depletes the nutritional reserves and 
retards the convalescence of the patient. Resistance to infection and tissue 
repair are intimately correlated with recovery from this phase of negative 
balance. 

CONCLUSIONS 

Tbe problem of j^reventing infection in burns has three components: 
Prevention of further contamination of wounds; effective antibacterial 
therapy for established contamination; and supportive measures to maintain 
the rei^arative and convalescent capacities of the patient. 
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dressings were used after the first were changed between tlie fiftli and tenth 
days. By the tenth to twelfth day the destroyed skin had Ijegun to separate and 
there was suppuration about the margins with pus escaping through ojjenings 
in the slough. No cellulitis or lymphangitis indicative of invasive infection 
was apparent. In order to insure better drainage of the wounds, constant 
wet dressings, with a single layer of fine-mesh gauze against the granulations, 
were applied at this time. These were kept moist by instilling 2 per cent 
boric acid solution through Dakin’s tubes incorporated in the dressing. They 
were changed every second or third day. An alternation of wet and boric 
ointment dressings was tried, but because of the discomfort of the latter, 
especially on the hands, the wet dressings were continued until the time of 
grafting. The Bunyan envelope was used for several days in four patients 
(Cases 2, II, 28 and 29) who had burns of the hands and forearms. The 
patients found them uncomfortable. The common comjilaint was of the 
humidity of the atmosphere when the bag was filled with oxygen and the 
burning pain when filled with normal saline. The absence of support for 
the hand and discomfort on contact of the hand with the envelope were 
also commented upon. Strands of slough and exudate were suspended in 
the water but did not separate. However, no hypochlorite was used, as 
Bunyan recommends. 

Separation of Slough . — The average time before complete separation of 
the slough was twenty-five days. The maximum was thirty-six days, and 
the minimum sixteen days. This average interval is longer than one normally 
expects the process to take. There appears to be no correlation between the 
patient’s general condition, the duration of chemotherapy, the extent of the 
burns, and this delayed separation. The relative freedom of the wounds 
from invasive infection may be of significance, as there was little pus beneath 
the slough when it was finally removed. Scattered islands of viable skin, 
I to 2 cm. in diameter, remained on the backs of some of the hands and arms 
after separation of the slough (color section Fig. 16 d). These had not 
been destroyed secondarily by infection. 

Splinting of Hands . — An effort was made to hold the hands in the posi- 
tion of function but this could not be continued because of the pain. Flexing 
of the fingers put the open wounds on the dorsum under tension, and the 
patients could not tolerate it. Flexion also caused blanching of the granu- 
lations or skin over the metacarpophalangeal and interphalangeal joints, 
which increased the danger of further necrosis of tissue and possible exposure 
of the extensor tendons and the joints. Therefore, the fingers were allowed 
to remain in extension and the wrist in a neutral or slightly dorsiflexed 
position. This position ivas maintained until operation, at which time the 
hand and fingers were splinted in a more nearly normal functional position. 

Prepartition for Grafting . — After the special casualty ward was dis- 
continued all dressings were done in an operating room set aside for these 
cases. The use of wet dressings applied with moderate pressure was con- 
tinued after the slough had separated. The exposure of the raw surface, 
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Fk. I. — Lungs of case 
dead on arrival : The ar- 
resting feature is the 
bright pink color, attrib- 
utable to carbon monox- 
ide. An occasional sub- 
pleural hemorrhage can 
be seen. They are uni- 
formlj distended 


Fig 2. — Lungs of Case 
25 : They are voluminous 
due to extensive anatomic 
emphysema. The post- 
erior and central portions 
are deeplj- congested 
where the tissue can be 
seen through the dense an- 
thracosis. Around the 
margins of all lobes is a 
light-colored zone two to 
four lobules wide in 
which air is trapped by 
the diffuse bronchoste- 
nosis. 


Fig. 3. — Laiynx of Case 25 
viewed from above : There is al- 
most complete stenosis resulting 
from e.xtreme edema of the mucous 
membrane and from fibrinopurulent 
exudate overlying the true and 
false cords. 


Fh.. 4. — Trachea of Case 25: 
There is a thick pseudodiphtheritic 
membrane e.xtending downward 
from the larynx. After a short 
gap which is comparatively unin- 
volved it begins again in spotty 
form in the lower half of the tra- 
chea, where a few bits of black 
carbonaceous material are em- 
bedded in it. The mucous mem- 
branes are everywhere intensely 
injected, with scattered petechial 
hemorrhages. 


Fig. 5. — Laryn.x and trachea from 
Case 7 : The true and false cords 
are both markedly swollen and 
edematous. Beneath the cords is 
a black adherent membrane. In- 
tense congestion and focal hemor- 
rhages of the mucous membranes 
are apparent. There is a shallow 
ulcer just above the mouth of the 
right primary bronchus. The tra- 
cheotomy wound is scarcely visible, 
having been compressed by sharply 
folding back the cartilaginous 
rings. 


Fic;. 6. — A segment of the bronchial tree from Case 25 ; All mucous membranes are 
intensely reel. In the secondary bronchi membranous bronchitis begins in spotty fashion. 
In the smaller bronchi the membrane becomes continuous and frequently occlusive. 
The pulmonary parenchyma is deeply congested and locally anthracotic. 


Fig. 7. — Bronchial tree from Case 27 : The mucous membranes are hemorrhagic and 
membrane formation is present though less pronounced than in Case 25. Clots protrude 
from the severed vessels which are, in part, antemortem. The parenchyma shows 
alteration of aeration and atelectasis. 










Fk:. 8. — Posterior view of the lungs of Case 27: Tlie basal portions of both lower 
lobes are massively atelectatic, dark red in color, depressed in contrast to the aerated 
parenchyma. Narrow prolongations of the atelectatic zone extend upward to the apices 
of the lobes. Another atelectatic zone can be seen on the lower margin of the left 
upper lobe. 


Fin. g . — Sagittal section of lung of Case 27: Membrane formation is visible in the 
secondary bronchi. A wide zone of dark, depressed, atelectatic tissue occupies the 
central part of the lower lobe. Aerated tissue is present above and below the area. The 
portion of upper lobe visible is all aerated. 




Fig. 10. — \'iew of the temporan- operat- 
ing room during the initial change of dress- 
ing on Case 20 on the seventh da}'. Sur- 
geon is reapplying boric strips to face. 
Patient has had a tracheotomy. The dress- 
ings on the deep burns of the arms and 
hands are typical. (Note bacteriologist 
in right background and the photographer.) 


Fig. II a and b. Case 13. — Appearance of 
circular burns of legs on tenth day. This 
was the most severely burned patient who 
survived. She also had deep barns of the 
hands and arms, scalp, forehead, and back; 
total extent of second and third degree was 
56 per cent. Note the dry slough above the 
right knee and the moist slough immediately 
adjacent on the lateral aspect of the thigh. 


Fig. II c. Case 13. — Legs on the 33rd 
day after all the slough has separated. 
The surface is pale and the underlying fat 
is visible. No granulation tissue has ap- 
peared. 


Fig. II d. Case 13. — Legs on 64th day. 
A thin layer of granulation tissue has de- 
veloped. There is wasting of both legs re- 
sulting from the debilitating effect of 
chronic sepsis in the open wounds. Con- 
tracture of right tendo achillis is present. 


Fig. II e. Case 13. — Legs on 71st day. 
A striking change has occurred; there has 
been a rapid advance of epithelium from 
the margins and the granulation tissue now 
has a healthy appearance. This change is 
attributable to the improvement in the pa- 
tient’s general condition from intravenous 
feeding and repeated transfusions. 


Fig. II f. Case 13. — Legs on 8ist day, 
tenth day after grafting. There is a com- 
plete take of the grafts. The small un- 
healed areas were not covered at the oper- 
ation. 


Fig. II g. Case 13. — Legs on 91st day. 
Healing is practically complete. 


Fig. 12 a. Case 8. — Deep burns of the 
back at the time of the first change of 
dressing on the fifth day. The outline left 
by the clothing is visible. Note the dress- 
ings covering the deep burns of the arms. 
This patient also had second and third de- 
gree burns of the head, neck, arms, hands 
and legs; total extent 29.1 per cent. 


Fig. 12 b. Case 8. — Back on the tenth 
day. The slough has; begun to dry. -There 
is exudate about the margins but minimal 
evidence of inflammation in the adjacent 
skin. 






Fig. 12 c. Case 8. — Back on the 12th 
daj\ Separation of the slough has started, 
exposing a thin exudate over the viable 
underlying tissue. No abscesses or other 
evidence of destructive infection were en- 
countered. 


Fig. 12 d. Case 8. — Back on the 19th day. 
The slough has separated but there is still 
some exudate adherent to the raw surface. 


Fig. 12 e. Case 8. — Back on the 31st day. 
The granulations are now clean and heal- 
ing has begun. 


F 12 f. Case 8. — Back on the 64th 
day, practically healed. No skin grafts 
were applied. Twenty-five days before this 
photograph was taken, the arms and hands 
were grafted. 


Fig. 12 g. Case 8. — At four months keloid 
has appeared in the burned areas of the 
back. Patient is troubled with moderate 
itching. 


Fig. 13 a. Case 2. — Right hand at the 
time of the first change of dressing on the 
fifth day. This is a second degree burn and 
edema is still present. Patient also had 
second or third degree burns of the left 
hand, wrist, face, scalp, thighs and legs ; 
total extent 17.5 per cent. (See Figures 
14 a through j.) 


Fig. 13 b. Case 2. — Right hand on ninth 
daj'. The edema is subsiding and there is 
no evidence of infection. 


Fig. 13 c. Case 2. — Right hand on 13th 
day. Epithelization is taking place rapidly 
from undestroyed cells in the deeper layers 
of the .skin. 


Fig. 13 d. Case 2. — Right hand on igth 
daj'. Further healing has taken place. 


Fig. 13 e. Case 2. — Right hand on 26th 
daj', healed. For final result see Figure 
14 j. 



Fic. 12 c 


Fig. 12 cl 


Fig. 12 e 


Fig. 12 f 


Fig. 12 8 




Fig. 14 a. Case 2. — The left hand at the 
time of tlie first change of dressing on the 
fifth day. The outlines of the third degree 
burn are already apparent. The damaged 
superficial skin of the fingers and thumb 
has not been removed. There is slight 
edema of the hand. 


Fig. 14 b. Case 2. — Left hand on ninth 
day. The slough has begun to separate. 
Although bacteria have been recovered on 
culture, there is minimal infection. 


Fig. 14 c. Case 2. — Left hand on 13th 
day. More slough has separated. 


Fig. 14 d. Case 2. — Left hand on 19th 
day. The slough on the wrist was removed 
mechanically; that on the dorsum of the 
hand is still adherent. The surrounding 
*kin is uninfected. 


Fig. 14 e. Case 2. — Left hand on 26th 
day. The slough has been removed. The 
extensor tendons of the index and middle 
fingers are exposed over the metacarpo- 
phalangeal joints. Exudate is still ad- 
herent to the granulations. 


Fig. 14 f. Case 2. — Left hand on 28th 
da3^ Absence of invasive infection per- 
mits insertion of hand into abdominal wall 
pocket in an effort to preserve the exposed 
tendons. Note the decrease in exudate 
overlying the granulations in past two days. 


Fig. 14 g. Case 2. — Left hand on 28th 
day; is in the pocket and the raw surface 
on the wrist has been covered with split 
graft. 


Fi(.. 14 h. Case 2. — Left hand in pocket 
on 33rd day, five days after insertion. .Ab- 
sence of virulent infection of liand is dem- 
onstrated by paucity of inflammation of 
pocket walls. There is a narrow zone of 
cellulitis about the opening through which 
the inde.x finger emerges. 


Fig. 14 i. Case 2. — Left hand on 48tli 
da}', detached, 20 days after insertion. The 
color of the flap is good and the edges 
have been sutured in place. (The nail pol- 
ish has been present since the night of the 
fire) 


Fig. 14 j. Case 2. — Appearance of hands 
at four months. The tendons have been 
preserved and function is returning. The 
fullness of the flap is diminishing but some 
fat may have to be excised later. 








Fig. 15 a. Case 29. — Second degree 
burns of face and ears and third degree of 
scalp covered by the primary occlusive 
dressing which was applied on the night of 
admission. Only the mouth and nares are 
exposed but patient can breathe comfort- 
ably. Patient also had second and third 
degree burns of hands and arms, total 
extent 12.5 per cent. 


Fig. 15 b. Case 29. — View of the neck 
and chest on the third day showing the 
massive subcutaneous edema in these un- 
burned areas. This edema fluid was ex- 
pressed from the burns of the face and 
scalp by the pressure dressing and gravi- 
tated downward. 


Fig. 15 c. Case 29. — At the time of the 
first change of head dressing on the seventh 
day. There is edema of the face in spite 
of the pressure dressing. The remnants of 
destroyed skin and dry serum are still 
present and uninfected. 


Fig. 15 d. Case 29. — Face on ninth day. 
The edema has diminished. There is still 
weeping from the skin and crusts have re- 
formed. Some skin debris is still present. 


Fig. 15 e. Case 29. — Final view of face 
on the 55th day showing the absence of 
scarring and return to normal contours. 
Scalp healed without grafting; (hands and 
arms were grafted). 


Fig. 16 a. Case 28. — View of the left 
hand and arm at the time of the first change 
of dressing on the fifth day. Note the un- 
ruptured blebs on the arm and the rem- 
nants of destroyed skin on the wrist and 
fingers. There is no evidence of infection 
in these wounds. The fluid removed from 
the bleb is sterile and the sulfadiazine level 
in this fluid is 6.7 mg. per cent (that of the 
blood 6.6 mg. per cent). Patient also had 
second degree burns of face, neck, back, 
right hand and arm ; third degree of back ; 
total extent 24.5 per cent. 


Fig. 16 b. Case 28. — Left hand and fore- 
arm on 19th day. Slough is still in place. 
The skin immediately adjacent is normal in 
appearance without evidence of infection. 


Fig. 16 c. Case 28. — Left hand and fore- 
arm on 30th day. Most of the slough has 
separated. The granulations are edematous. 
Infection is minimal. 


Fig. 16 d. Case 28. — Appearance of the 
hand and forearm on the 51st day, the day 
of grafting. Note the healthy appearance of 
the granulations and the islands of viable 
skin in the center of the raw surface on 
the back of the hand. 


Fig. 16 e.' Case 28. — Final view of the 
hands at three and one-half months. 
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tendons of the index and middle fingers of this hand were exposed over the 
metacarpophalangeal joints for a distance of 3 to 4 cm. The granulating surface 
extended from the wrist to the proximal phalanges of the two fingers and 
involved most of the back of the hand. In order to save these tendons from 
destruction by infection and to insure normal function in the future, a flap 



Fig. 41. — Chart of Case 8 at tlic time of operation on the thirty-ninth day. The preop- 
erative temperature and pulse curves resemble those of all the patients who had large, gran- 
ulating, surface wounds. Note the prompt descent of the curves to normal after the raw 
surfaces were covered with skin grafts. 

was used instead of a free graft. The operation was performed on the 
twenty-eighth day. There was little surface infection and culture grew 
only coagulase-positive staphylococcus and B. profcits. The raw surface was 
gently cleansed with soap and water, but the granulations were not disturbed. 
A pocket was made in the abdominal wall with a large opening laterally, 
through which the hand was inserted, and with smaller openings, through 
which the thumb and fingers emerged. A small raw surface just above the 
wrist was covered by a split-graft at the same time. The arm was im- 
mobilized by adhesive strapping. One border of the flap was severed on 
the fourteenth postoperative day, and the hand detached on the twentieth day. 
Three weeks later the defect on the abdominal wall was grafted, 

A total of 17 grafting operations were performed on the other eight 
patients (Fig. 41). The first graft was applied on the twenty-third day to 
the back of the hand of Case 29, and the last at four months to several 
small areas on Case 13. Case 36 was grafted on the twenty-fourth day. 
Six operations were performed during the sixth week (Cases 8, ii, 20, 23, 
29 and 36). Two were done in the eighth (Cases 23 and 28). One was 
performed in the ninth (Case 13). Two were performed in the tenth 

place with cotton or ace bandage. When the grafts were taken from the thighs 
the whole leg was wrapped in an encircling ace bandage. All dressings were removed 
between the twelfth and fourteenth day unless small unhealed areas were discovered. 
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PKOGUESS AND RESULTS 

The burns of the extremities, especially the hands, were the first surfaces 
grafted for reasons of comfort and early restoration of function. The rela- 
tively small areas of third degree burn on the faces were grafted as early 
as jDOSsible for cosmetic reasons. 

Fingers . — On many of the fingers there was a narrow zone of third 
degree burn on the dorsal surface. Healing occurred rapidly in the two 
distal phalanges but grafts were necessary for covering the proximal phalanx 
in fingers of Cases 8. ii, 20. 23, 28 and 36. The extensor tendon of the 
index and little fingers of the left hand were exposed over the proximal 
interphalangeal joints in Case 8. Healing is complete hut there is absence 
of full extension at these joints. In Case 20 the proximal interphalangeal 
joint of the left index finger was exposed and has remained ojien. There 
is adequate soft tissue drainage, and ultimately sequestration of hone and 
destruction of the joint is anticipated. For cosmetic reasons the finger is 
splinted in extension. Case 13 had these same joints exposed in all four 
fingers. The fingers have been held in extension with a banjo-splint, and 
healing has taken place without sequestration. The four fingers of the right 
hand were so badly burned that only the palmar skin remained viable. Ampu- 
tation was performed distal to the metacarpophalangeal joints on the thirty- 
third day. This patient also had a localized deep burn over the lateral aspect 
of the thenar eminence, with destruction of the underlying muscle and ex- 
posure of the metacarpal botic. Spontatieous healing took place following 
debridement and free drainage. 

There has been minimal thickening of the skin on the fingers and no 
true keloiding in any of the cases. 

Hands . — One or both hands of Cases 8. n. 13, 20. 23, 28. 29 and 36 
were grafted. Most, or all, of the dorsal surface of these bauds had to be 
covered (color section Fig. 16 a-e). In a few of the cases epithelium from early 
spontaneous healing was not excised at operation and there is now a poor 
bearing surface easily broken by trauma. In Case 2, who had the direct 
abdominal flap, the tendons were salvaged, and there is normal extensor 
function. A thick layer of abdominal fat is present in the flap, giving a 
bulky appearance. This excess fat will be excised at a later date for 
cosmetic reasons (color section Fig. 14 a-j). 

There has been some thickening of the scars at the margins of the grafts, 
and true keloids have developed on the backs of the hands of Cases 21 and 
36. These were the two patients in whom there was loss of the grafts and 
in whom secondary operations were performed. Because of the scarring, the 
back of the hand is tight and flexion of the fingers and hand tenses the skin 
of the forearm. Further corrective procedures will have to be undertaken 
in these cases. 

Arms . — ^Thearms of Cases 8, ii, 20. and 28 were all grafted successfully. 
Good covering was obtained and there has been good recovery of function 
without contracture. No keloid has developed. 
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served in' this group of i:)atients. Examination of the wounds at the time 
of the first and subsequent dressings revealed a clean surface with no 
purulent exudate, cellulitis, or acute tenderness. The destroyed epithelial 
debris was dry and the contents of the intact blebs were sterile. Therefore, 
it is apparent that the failure to debride the wounds initially did not delay 
the healing of the second degree burns in any measurable degree. 

In the smaller group of patients who had both second and third degree 
burns, the injured surfaces remained clean during the first two weeks, with 
minimal exudate and no cellulitis or acute tenderness. By the end of two 
weeks the areas of second degree burns were epithelized and uninfected, while 
in the immediately adjacent areas of third degree burn, slough was separat- 
ing (color section Fig. i6 b ) . Satphylococci and the saprophytes grew in the 
slough but did not invade the living tissues. When removed, only a thin exu- 
date was found beneath the slough with no abscesses. In the hand of Case 2 
exposed tendons were found. These remained viable in the granulating 
wound and were salvaged by covering them with an abdominal flap on the 
28tb day (color section Fig. 14 a-j). It is apparent from these observations 
that the wounds were free from invasive infection and that there was no 
measurable delay in carrying out the reparative procedures. 

It seems reasonable to conclude from these observations, both on the 
second and third degree burns, that debridement and cleansing need not 
be part of the treatment. Tissue resistance and general chemotherapy 
can be relied upon to prevent invasive infection. However, for suc- 
cess, an ointment gauze should be used to allow serous drainage into the 
overlying dressing. The surface must not be sealed by an impervious mem- 
brane or eschar. Precautions should be taken to reduce contamination by 
avoiding careless exposure of the wounds at the primary dressing and too fre- 
quent subsequent changes. For this reason and because all wounds in these 
cases remained so free from infection, the first change of dressing should 
probably be postponed for 12 to 14 days. 

The importance of the general nutritional state in the spontaneous healing 
of burned surfaces and the preparation of these surfaces for successful skin 
grafting cannot be overemphasized. Only by early skin grafting can large 
burned areas be covered and the development of contractures be avoided. 


910 



... s« PAn.^.„ :v''"'“^"— » «. .rr’ 
f ' ''osS T!:P^^’^^^n,7T’ •'- 

°n aiit?" wMe'-' 

J»rtment Tl,e “ "‘"-face h,J "" °“'-Patfe„fs rr! 

‘!’'=''^P.'-at the ‘'■' before 

or ,o„r t 

aix to t„,e/ve 

S'ad;-;::!*'; atSi:;"* wnsto^to ‘bera^, 

;;« ^dducdooCr 7“''" °f '"0 W r, «'’*e a; 1'7'^ed. i„ £ 

Oaetng the first ^ bx-a,;o„ rL *'’a'oped 

<=bSca'ror d“'^ and stnsfi ' "’e grafts 

apph-ed overt: ^-atrotr"^' r„,“""VP-'tbefiaed 

?/ approx-h„ate/t7;7P''«>e/iu,„, ^ .a ^er of iTo ! ™e- 

."'"^ased as toJet ""f ' '««’ ^ Period ’ f '^'"Peratur 

"P ‘be poh t o 7"'’ ^'°'n steadt:':. ‘be to be.W 

S' s ::,srs ■&■•,.;::• 

'“»i- “■„ -'“ Sr:;; r-s.? “;- 

n-ax coahn addition a fJa’ and ^ 

“"deriving 7' bnt bettveen the t' behvee n" ‘be 

and n,.,sc;:7'^;“7nbc„ta„:ot t^bnlcian. 



ARTHUR L. WATKINS 


Aniulk of SurKon 
June, 1043 


scar could be obtained without traumatizing the new skin. Massage Avas 
also given in such a way as to pull the normal skin in the direction of the 
knuckles in order to relax tension which was maximal at that point. Simul- 
taneously with this stretching of normal skin the patient was instructed to 
actively flex the fingers as much as possible. Occasionally gentle passive 
stretching of the firmer bands of scar was done with one hand Avhile massag- 
ing with the other. The intensity of this jmssive procedure, however, was 
very carefully regulated to avoid traumatizing the new skin. 

Exercises followed massage and for the most part were active guided 
voluntary motions. Emphasis was placed on slow .steady stretching to the 
point of discomfort and degree of skin tension thought advisable as judged 

the blanching over the metacarpophalangeal and interphalangeal joints. 
In addition to intensity, the frequency of repetition of the exercises had to 
he regulated, both during treatments and at home. It tvas soon found that 
excessive movements lead to small blister formation in some patients and 
avoidance of this was an additional guide to dosage. 

An important part of the therapeutic exercise program Avas teaching 
relaxation. These patients unconsciously had a tendency to hold the fingers 
in complete extension and protected the hands from all possible contacts. 
To overcome this habitual attitude Avhich delayed return of function, they 
Avere constantly reminded to make use of their hands in a natural Avay for 
the numerous and frequently repeated movements usually pertaining to 
eating, dressing, gesticulating, r/r. As the hand is such an intricate me- 
chanical mechanism, actual use in tasks of appropriate degree of difficulty 
was further advised to increase function, rather than relying on set exercises 
alone. The occupational therapists AA-ere helpful on this score in suggesting 
and supervising practice Avork such as typewriting, knitting and light car- 
pentry. Some of the patients took this lead as an incentive to carry on 
increasingly difficvAlt manual maneuvers on their own initiative, such as 
developing and printing photographs and playing jackstones. 

RESULTS 

No true end-results are Avarranted at this date as the physical therapy 
for these patients has really just begun. It is possible, however, to demon- 
strate the rate of improvement in function as progress has been recorded by 
double exposure action photographs. 

Case 36 Avas one of the first to receiA'e physical therapy. Treatments 
started the sixty-second day, at Avhich time there Avas only a jog of motion 
in the finger joints. Action photograjAhs show approximately 50 per cent" 
of normal joint motion 18 days after the first treatment (Fig. 42 A) and 
nearly complete flexion 35 days later after a total of 30 treatments (Fig 42 B). 

Cases 2, 8, 23, 28 and 29 had the same type of physical therapy and haA'e 
made comparable progress Avith the exceptions iipted beloAv. 

COMMENT 

The most striking feature, so far concerning return of function foIIoAving 
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physical therapy, was the slowness and difficulty in regaining flexion of the 
metacarpophalangeal joints in certain cases in spite of good healing and take 
of the grafts. Analysis of these instances revealed that if the burned area 
extended beyond the dorsum of the hand and involved the wrist as well, 
finger flexion was always more limited. It does not appear likely that 
tendon involvement is responsible since wrist flexion was not limited pro- 
portionately. Normall}'’ flexion of the metacarpophalangeal joints results 
in distal movement of the skin over the wrist and hand as much as six 
to eight millimeters. Restriction of this skin movement which should start 
two to three centimeters proximal to the wrist is the probable mechanism 
of the prolonged finger disability. 

The return of function already obtained in these patients under treat- 
ment for a relatively short period is encouraging. There appears to have 
been minimal permanent joint or tendon injury and the prognosis seems 
good for eventually securing excellent function of the hands. 
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General anesthesia was deliberately omitted as part of the treatment 
of the casualties since it has a deleterious inliuence in patients in impending 
shock. The surface treatment, witli no debridement and no cleansing, was 
planned with this in mind. 

Miuiiuiiin oj Manipiilalioii . — Every effort was made to reduce manipula- 
tion in the care of tire patient. Roiling a patient over abruptly tends to 
disturb the vascular equilibrium with which he is responding to the diminish- 
ing blood volume. But one shift of the patient was made, from stretcher 
to bed. All subsequent procedures were carried out in bed. Had de- 
bridement and cleansing been performed it would have necessitated a transfer 
of patient from bed to operating table and back, as well as the manipulation 
incident to the debridement. 

Plasma Therapy . — All except ten of the patients were given plasma in- 
travenously. Of those receiving no plasma, five had minor pulmonary com- 
plications and no surface burns, and were discharged from the hospital in 
the first few days (Cases 9, 10, 21, 30, and 31) ; the other five had minor 
surface burns and various degrees of pulmonary signs (Cases i, 3, 5, 15, 
and 24). Because of the inevitable delay in the thawing of plasma in the 
blood bank, the early arrivals did not receive plasma promptly, whereas the 
later arrivals had plasma running into their veins within five minutes of 
entry. Plasma therapy was deliberately withheld from the patients with 
early signs of pulmonary damage and no, or minor, external burns. To one 
patient, (Case 6) with no external burn but severe pulmonary damage, one 
unit of plasma w'as given later in the night. 

The initial dosage of plasma was determined on the basis of the surface 
area of the burns.* For each 10 per cent of the body surface involved, it 
was planned to give 500 cc. in the first 24 hours. Because the plasma de- 
livered by the Blood Bank during the first 36 hours was diluted with an 
equal volume of physiologic saline solution, the patient was to receive 1000 
cc. of fluid for each 10 per cent burned. 

The plasma dosage was modified subsequently on the basis of repeated 
hematocrit and serum protein determinations. The hematocrit readings on 
blood taken in the third hour after entry were available by 3 a.m, of the first 
morning. The rate of plasma administration was increased in the patients 
showing hemoconcentration. Four additional blood hematocrit and protein 
determinations were made in the first 24 hours. Three determinations were 
made in the second 24 hours ; two in the third ; and daily thereafter as in- 
dicated. No attempt was made to apply a formula to the hematocrit reading 
to determine the dosage of plasma needed, it was simply run in faster when 
hemoconcentration was present. The same basic formula of surface area 

* No attempt was made to judge the amount of plasma which might be lost from 
the circulation into the damaged pulmonary tissue. That the lungs accounted for some 
of the plasma lost is indicated by the fact that those lungs examined postmortem by 
Drs. Mallory and Brickley weighed nearly one kilogram more than an average pair 
of normal lungs. 
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In spite of the possible inadequacy of the surface area formula when it is 
applied to burns of the head and scalp, this formula has much to rec- 
ommend it. It is true that different degrees of burn may result in diilerent 
amounts of edema but it is still true, roughly, that the amount of plasma 
fluid lost from the circulation into the tissue spaces is proportional to the 
area of the burn. The formula is simple to calculate and can be done rapidl3% 
facilitating the handling of many patients. No blood determinations arc 
necessary and it can be applied when laboratory facilities,^are not available. 
The complicated formulae of Harkins,^ and Elkinton, Wolff and Lee- arc 
not satisfactory merely because laboratory determinations and calculations arc 
necessary in order to apply them. 

There is a fundamental difficulty to the use of these formulae and also 
to that of Black. These three formulae tell at the specific moment the blood 
determination is made how much plasma is required to bring the plasma 
volume back to nonnal within a short interval. They do not allow for 
the amount of plasma that will leak out of the circulation over the ensuing 
hours. If one of these formulae is applied soon after the burn, when the 
patient has just entered the hospital, and but little hemoconcentration has 
occurred, an inadequate amount of plasma will be given. On the other hand, 
if the formula is applied when the maximum edema has already occurred, 
an unnecessarily large amount of plasma may be injected, for at that time 
the rate of plasma loss is diminished. Any formula made on a given blood 
determination must also take into account the expected loss in the hours 
to come and this can only be estimated on the basis of the surface area burned. 
A combination of the two methods is the best. 

A difficulty which was partly anticipated but not adequately solved in 
these patients was the problem of the amount of plasma and intravenous 
therapy required by a patient with pulmonary damage. After the arrival 
of the first 15 patients it was obvious that some type of pulmonary pathology 
was present. At first sight, it was thought that there must have been an 
explosion and that the pulmonary damage was due to the blast. The in- 
travenouses of saline and glucose solutions which were alread}' running into 
the patients were slowed to a minimum while awaiting delivery of the 
plasma from the bank. This Avas done in an effort to prevent the appearance 
of pulmonary edema in the damaged lungs.* Already several casualties, 

* Both sodium chloride and glucose are freeb” diffusible through the capillary 
wall in contrast to the plasma proteins which are only partially or slowly diffusible. 
In the area of a burn or chemical inflammation, the capillary permeability is increased 
and plasma proteins pass out more freely into the extracellular spaces along with the 
'water and electrolytes to form the edema fluid. Saline or glucose solutions, by raising 
ulood pressures in burned patients, tend to wash more plasma protein out into the area 
of injury and increase the edema. Since only a portion of the plasma proteins leak 
out of the capillary, an injection of plasma is more efficient than saline in maintaining 
blood pressure in burn shock and if given slowly will not cause as rapid a formation 
of edema. 
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patients considered to have had diminished renal function. Two of these 
three patients had additional signs of abnormal kidney function. Case 38 
showed albuminuria and Case 27 both albuminuria and massive hemoglobin- 
uria. In Case 25 the urine findings were normal. 

The other three patients in whom an elevated nonprotein nitrogen was 
recorded were Cases 4, 8, and 36. In Cases 4 and 36 the nonprotein 
nitrogens were elevated on a single occasion, 62 and 44 mg., respectively, 
on the fourth day. The hematocrit and serum protein determinations on 


URINt EXAMINCD-32 PATIENTS 




Fig. 43 . — Tile occurrence of albuminuria 
in 32 patients. 


Daft Attar Barn 

Fig. 44. — The occurrence of hemoglobi- 
nuria in 32 patients. 


both of these patients were normal on that day. The final abnormal non- 
protein nitrogen reading was 51 mg. in Case 8 on the seventeenth day; the 
hematocrit was 35 per cent and the serum protein 7.3 mg. The patient 
had received a transfusion the day before and received another on each 
of the next two days because of the low oxygen carrying capacity of the 
blood. In none of these three patients were there other signs of abnormal 
kidney function such as albuminuria, hemoglobinuria or diminished urine 
volume. 

Albuminuria occurred in 12 patients, see Figure 43. This includes 
one of the patients who died. No patient showed albuminuria after 
the second week. It is noteworthy that the period of albuminuria coincides 
with the period of resorption of edema of the burns. It cannot be con- 
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third patient with an ahnormal prothrombin was Case 27, who on the third 
day, the day of death, had a time of 36 seconds, the control 24. 

The patient recorded above with the elevated van den Bergh was the 
sole patient exhibiting jaundice. She had had a severe and prolonged 
anoxia resulting in damage to the central nervous system. The initial 
attack of jaundice disappeared completely in a few days but a month later, 
when she was receiving no sulfadiazine, she had a recurrence of jaundice 
with a palpable enlargement of the liver. Ibis attack also subsided but 
not until after two weeks. The origin of this jaundice and hepatitis was 
undetermined. It can be postulated that it was initiated by i^rolonged anoxia. 

Hemolysis was observed in only one patient (Case 34). She was ex- 
tensively and deeply burned with large areas of charred skin. She died on 
the second day. ”^1 he origin of such hemolysis is not clear. It is possible 
that it is the result of the actual heating of the blood present in the tissues 
at the time of the burn.* 

Intestinal ulceration and bleeding are common .sequelae of burn and other 
forms of shock. The origin of the lesions which give rise to the bleeding 
is not clear. It is possible that they arc the result of anoxia of the mucosal 
surfaces due to capillary stasis. The stasis may be due to hemoconcentration 
with increased viscositv of the blood or to diminished blood flow following 
arteriolar constriction. Arteriolar constriction and diminished blood flow 
are knowm to occur in various parts of the body as com])ensation for the 
diminished circulating blood volume and arc an effort on the part of the 
body to diminish the capacity of the vascular bed to make up for the 
shortage of available blood volume. 

In either case the incidence of intestinal ulceration and hemorrhage might 
be considered an index of successful shock therapy. Figure 45 shows the 
number of stools with a positive guaiac test. None of the stools was grossly 
bloody or tariy. It is interesting that Case 38, with the prolonged vomiting, 
did not show blood. Those which were positive for blood were fpund in 
patients with all of the different t)'pes of lesions. The largest amount of 
blood recorded was in Case 20, who showed a -j — | — [- test on the seventh 
day. At this time the hematocrit was below normal and whole blood 
transfusions were subsequently required. She had extensive deep surface 
burns and it was not believed that the loss of blood in the intestinal tract 
significantly contributed to the progressive anemia. 

An unexpected finding of interest was the occurrence of alkalosis in 
two patients. On both the third and fifth da3'’s, an arterial puncture was done 
on Case 6, the young girl with pulmonary lesion and no surface burns. 
The />H s were 7.63 and 7.40, and on the first blood the CO2 was 30.3 m.eq., 

* In the experimental laborator3^ we have learned to associate hemolysis with the 
severity of the burn.^ Hemolysis is not encountered in dogs with hot water burns of 
the extremities when the temperature of the water is less than too® C., or when 
at TOO® C. it is applied for 15 seconds or less. At 100® C. it appears if the burn is 
for 20 seconds, and invariably if the burn is 30 seconds or longer. 
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ment of shock in burns must needs include chemotherapy. It has been pointed 
out above that sulfonamide therapy leads to a loss of base and to alkalosis 
but this is apparently of little import. It is the kidney and liver damage 
which occasionally occur even without overdosage which are of greatest sig- 
nificance. 

The relation of infection to shock in burn patients has been but little 
explored scientifically. Our present clinical impression is that infection is 
often culpable. It is possible that the shock, even as soon as in the late 
hours of the first day, is in part due to the toxemia of bacterial infection. 
Certainly in later days infection supersedes in responsibility all other factors. 
The malnutrition and anemia (see under Maintenance of Nutrition) are al- 
most certainly of infectious origin. 

There is also a reciprocity between shock and infection. In shock, due 
to a disproportion between the available circulating blood volume and capacity 
of the circulation resulting in decreased blood flow to tissues, anoxia inevitably 
develops. It is well known that certain organisms, including the beta 
hemolytic streptococci, multiply faster in even slight degrees of anoxia. In 
burn wounds, therefore, in which any degree of anoxia exists, organisms 
multiply more rapidly and infectious toxemia develops relatively early. 

Such thoughts only emphasize the importance of minimizing bacterial 
contamination of the burn wounds by immediate coverage of the surface.* 

Maintenance of Nutrition . — In the treatment of burn shock every effort 
should be made to administer the necessary fluid and protein through the 
gastro-intestinal tract. Patients with less than ten per cent of the body 
surface burned, particularly if mildly, and if they are not nauseated or 
vomiting, may be treated by this route. They should drink readily digestible 
fluids with a high protein content. Milk and milk products, high protein 
bouillons with amino-acids added are such fluids. Warning should again 
be made that if there are deep burns of tbe face and scalp, particularly if 
there are acute pulmonary lesions as well, there may be an unexpectedly 
great loss of plasma volume and intravenous plasma therapy may be re- 
quired. Ten of the patients, some with mild burns, and some with pul- 
monary damage only, were treated entirely by mouth. 

Hieh protein therapy by mouth is not sufficient. A caloric intake suf- 
ficient for maintenance is advisable. It is probable that a moderate carbohy- 
drate intake is required for normal liver function. 

Attention to the necessary accessory food substances is also imperative. 
All of the patients received large doses of the vitamins, both as natural 
and synthetic substances, from the first day. In some, these substances bad 
to be given intravenously. It is to be remembered that patients with severe 
burns, even with minimal infection, have fevers, that their metabolic rates 

The availability of sulfonamides to the burn wound has been considered in a 
previous paner on the surface treatment. Sulfonamide levels in bleb fluid were recorded 
on five patients (Cases 17. 19. 20, 28. and 38). Levels, together with the simultaneous 
blood levels, are available in the protocols. 
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It has been found that in adrenal insufficiency in the dog there is a gen- 
eralized increase in capillary permeability. This increased permeability is 
reversible by the administration of adrenal cortical extract.* In the dog there 
is also an increase in capillary permeability in the experimental burned area 
as has been demonstrated by Field, Drinker and White, ^ (t 930 > more 
recently by Glenn, Peterson and Drinker® (1942). In our laboratory this 
increase in permeability has been shown to be localized to the region of the 
burn.^® Only rarely does an increase in the nonburned area develop follow- 
ing prolonged shock. Efforts to decrease this abnormal permeability by large 
doses of adrenal cortical extract have failed. Although under different 
experimental conditions it might be possible to influence the abnormal 
permeability induced by a mild burn, certainly the adrenal cortical hormone, 
judged by these experimental results, would appear to have little practical 
usefulness in burn patients. 

From time to time, in this hospital, selected patients with burns have 
been treated with adrenal cortical hormone in the effort to evaluate this 
substance. No unequivocal benefit has been obtained from its use. Two of 
the patients of the Cocoanut Grove were selected for adrenal cortical therapy 
(Cases 34 and 27). Both of these patients had extensive surface burns and 
pulmonary injury. 

On the afternoon of the first day, when it was clear that Case 34 had 
severe pulmonary damage, adrenal cortical extract (Upjohn) was started: 
50 cc. were given intravenously over a one-hour period. The patient’s blood 
findings before and after receiving the extract are given in Figure 46. She 
had already received eight units of plasma, and onl}' a minor amount of 
hemoconcentration had occurred. She was selected for extract therapy in 
the hope of decreasing pulmonary edema b}'^ reducing the capillary permea- 
bility in the pulmonary bed. 

The patient died six hours after receiving the extract. The course had 
Ijeen progressively downhill, with increasing anoxia in spite of oxygen ad- 
ministration. There was no clinical evidence that llie patient had benefited 
from the extract. Admittedly, the patient’s disease was ])rofound and this 
was a rigorous test for any mode of therapy. 

The second patient (Case 27) was also started on extract therapy on the 
fir.st day, 14 hours after the fire. Tlie blond determinations, before and after 
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Fig. 46. Adrenal Cortical Extract (ACE); Scliedule of administration together with plasma injected and 
blood findings in Case 34. 
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effort to prevent excessive pulmonary edema. Anoxia, not ordinary surgical 
shock was the primary concern. 

It was forlunale that a treatment of the burn surface had been chosen 
in advance which permitted a maximum of attention liy the personnel avail- 
able to the problem of shock. Plasma therapy was prompt and effective. 
There were no deaths in the first 12 hours. The seven deaths that occurred 
took place within 13 to 62 hours and were the result of the pulmonary 
complication. 

An effort was made to diminish the edema in the damaged lungs by 
allowing a mild amount of hemoconcentration to persist. 

Massive edema, out of proportion to the surface area involved, may occur 
beneath deep burns of the face and scalp. The use of the various formulae 
in computing plasma dosage is discussed. 

Hemoglobinuria occurred in eight patients; one died with no anatomic 
evidence of renal damage. The other seven have survived with normal 
kidney function. 

Adrenal cortical extract did not affect the pulmonary edema or the 
general bodily function of the two severely injured patients to whom it was 
administered. 
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A NOTE ON THE BLOOD BANK 
Lamar Soutter, M.D. 

FROM THE SURGICAL SERVICES AT THE MASSACHUSETTS GENERAL HOSPITAL, BOSTON. MASSACHUSETTS 

A BLOOD BANK is a requisite for the efficient handling of patients in a dis- 
aster. In the first place it is economical. In the second place, with burn 
casualties particularly, it is imperative to feel free to administer all the plasma 
necessary. There need be no restraint in the use of frozen plasma. Dried 
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run in ; a decision had to be made whether more plasma was to be given, or 
saline or dextrose solution to keep the needle open. This also pertained 
to people with difficult veins who had a needle well inserted. It meant that 
some people received more saline than was wise. 

System of Filtering . — The filters occasioned us little or no trouble. 
Although we have found that whole blood undiluted by saline will stop in 
over five per cent of transfusions through Baxter filters, the dilute plasma 
used for these victims flowed well. In several instances, when the com- 
plaints of malfunctioning of the apparatus were laid at the door of the filter 
and it was changed and inspected, the amount of clot within it filled less 
than one-half of the filter, and a change of the filter drip brought no improve- 
ment. In one case a patient received eight units through the same filter 
without stoppage. 

Slow flowing after an initial rapid drip was noted in many instances. 
This was usually in leg veins which were small and tortuous. We blamed 
this slow flowing, when dextrose ran well, upon the relative gummy nature 
of the plasma. lu other patients constricting pressure bandages or theo- 
retically elevated venous pressure due to extensive pulmonary burns were 
blamed for this phenomenon. We inserted a three-way stop-cock in the line 
between filter and needle for Case 27, enabling us to use a syringe as a 
pump for more rapid infusion. This was successful, though it may tend to 
increase clot formation, and for whole blood would be dangerous because 
of cell fragility. We tried this in other instances and have now adopted it 
as routine for our plasma sets. 

Handling of the Supply . — The supply of thawed plasma was controlled 
by telephone communication Avith the bank. As the original 16 units Avere 
melted, more plasma Avas started and A\'as sent to the Avards as rapidly as 
possible. We tried to keep about ten flasks on hand at all times in the first 
six hours. After that the administration Avas not on an emergenc}’^ basis, 
so that Ave only thaAved Avhat AA'as needed. A total of 1 47 plasma transfusions 
Avas given, 120 in the first 24 hours, 19 in the second, and eight in the third. 

The Avork in the blood bank AA'as started by an able medical student on 
call for night groupings and cross-matchings. He Avas soon assisted by a 
blood bank nurse, tAVO other nurses, and several interns. The melting pans 
are important. We noAv have tAA'o smaller ones, divided into 16 sections to 
keep the bottles from tipping, Avith an OA'erfloAV to run into a sink. The 
records of the pools used Avere AA'ell kept in the bank, but, unfortunately, time 
Avas too pressing on the Avards to note the number of each bottle administered 
to each patient. 

Remaking the Plasma. — There AA'as an immediate appeal made for donors. 
This AA'as greatly aided not only by radio announcements, but by the zealous 
action of two conscientious objectors, residents in the hospital for metabolic 
studies, AA'ho went out into a neighboring street, stopped passing traffic and 
asked for all to come in and give their blood. e had OA'er 100 donors, 
many of AA'hom had unfortunately been eating or drinking too recently, but 
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four developed evidence of thrombosis of the leg veins, an incidence of about 
45 per cent. Two of these presented roentgenologic evidences of a pul- 
monary infarct. 

A word of explanation is necessary in regard to both the terminology used and 
the policy of treatment. The term “thrombophlebitis” is used to indicate an acute in- 
flammatory process in the veins of the leg attended by local pain, tenderness, warmth 
and some systemic reaction. The term “phlebothrombosis” is used to cover those cases 
in which a bland clot is present in the veins, with minimal inflammation and adherence. In 
both groups the presence or absence of swelling depends on tlie level and extent of the 
involvement; gastrocnemius spasm (“Homan’s sign”) may or may not be present de- 
pending probably on the degree of perivascular reaction. 

It has been the policy at this hospital for several years to treat both of these condi- 
tions by ligation and division of the involved veins, usually the superficial or common 
femoral vein. This ligation is carried out below the profunda femoris junction pro- 
viding the common femoral is not involved. Where the thrombophlebitis involves the 
superficial saphenous system, ligation of the great saphenous at the saphenofemoral 
junction is considered adequate unless there is evidence of involvement of the deep system. 
Diagnostic roentgenograms, using the intravenous injection of diodrast (“venograms”), 
have not been made because experience has shown that these are often misleading and 
the procedure is irritating to the intima’ of the veins. Anticoagulants, such as heparin 
or dicoumarin, have not been used because it is felt that these do not affect either the 
established thrombus or infarct, that they only prevent further extension of thrombosis, 
and that, therefore, they do not guard against fatal embolism. 

The patients of this series who showed thrombo-embolic phenomena are 
of considerable interest because they represent the whole spectrum of this 
group of diseases, ranging from the patient with pulmonary infarct and no 
local signs in the legs, to the patient with fulminating local thrombophlebitis 
but no pulmonary manifestations. Furthermore, they show the modus 
operandi of some of the predisposing factors in this group of conditions, 
factors which may be eliminated by more meticulous attention to details of 
the patients’ regimen. There follows a brief narrative of the development 
of the venous complications in these five cases. 

CASE UEPORTS 

Case 2. — This was a slightly built woman, with poor muscular tone, who moved 
about in bed seldom during her convalescence unless urged to do so. The dressings on 
her right leg, where there were small second and third degree burns at the knee and 
ankle, were covered during most of her convalescence by a continuous spiral elastic 
bandage from toes to groin. However, her left leg was burned at the knee and despite 
precautions to the contrary she was found to have been dressed with a circular bandage 
with no lower-leg component, on several occasions. At the time of entry, due to the 
presence of burns on both arms plus the fact that she was in an oxygen tent for some 
time, she had an intravenous infusion placed in her saphenous vein in the left ankle. 
Operative procedures to graft her left hand were carried out on December 26, January 
9, and January 15. These included a skin graft which was taken from the left thigh; 
this donor site was dressed on one occasion with a tight circular bandage, later replaced 
with a bandage extending to the foot. At no time during this period were the patient’s 
feet elevated, or was she on regular bicj^cle exercises. 
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The diagnosis of left-sided thrombophlebitis in this case was fully sub- 
stantiated by the operative findings. The clot found was nonadherent at the 
level exposed, though presumably it was adherent lower down. According to 
our usual procedure the other leg should have had the same operation, but the 
signs were so clearly unilateral, that it was felt justifiable to limit the operation 
to the one side. Of the various predisposing factors in this case, the relation 
to his mobilization and habit of sitting in his chair, leaning forward and listen- 
ing to the radio, stands out as most significant. The thigh bandage over the 
donor site and the long period in bed no doubt also played a part. He was 
never in shock nor did he have any intravenous infusions in his legs. His 
lack of pulmonary infarcts is probably traceable to the inflammatory nature 
of the process, with resultant adherence. The fact that the clot was free 
at the level of ligation, however, suggests that operation may well have pre- 
vented a subsequent massive embolus. 

Case II. — A 24-year-olcI male, sustained extensive burns of his back. Because of 
pain be lay quietly most of the time. To facilitate moving about be was given a foot- 
board to press against, and a Balkan frame with hanging handles to lift himself, using 
his one good band. On December 25, four weeks after the fire, he complained of 
chest pain and raised a little blood}’’ sputum. However, bis chest films were repeatedly 
negative and it was thought that his tracheal burn was giving rise to the blood-streaking. 
His legs were normal to examination save for the burn on the right knee. On January 
5, grafts were taken from the left thigh and put on his arm and right knee. A snug 
circular bandage with no lower leg extension was applied to the knee graft. The next 
day this was discovered and rectified but in the interim the patient had had tS hours of 
partial venous obstruction to his right leg. Within three days be developed soreness 
and swelling in the right calf. An exploration of his right femoral vein was made 
on January 8. 

Because of the presence of unilateral signs and a unilateral causative mechanism 
(the tight dressing) it was considered permissible to depart from established precedent 
as in the previous case, and operate on only the one side. At operation the vein was 
found to be thickened and edematous, but with no clot at this level. Slow bleeding from 
below suggested a clot further down but none could be obtained with the Trendelen- 
burg sucker. 

He remained quite immobile in bed despite efforts to the contrary. On February 3 
(nine weeks after the burn), he complained of pain in his left groin and rapidly 
developed a fever, palpable tender lymph nodes and a tender cord along the course 
of one of the thigh tributaries to the deep system. Despite these signs of an acute 
inflammatory process in the thigh he bad no ankle edema or Homan's sign. The 
diagnosis of left-sided femoral thrombophlebitis was made and a left femoral explora- 
tion carried out. 

At this operation an unusual situation was found. His left femoral vein was 
almost an inch in diameter, surrounded by considerable edema, with a wall 3 mm. thick. 
Many large nodes, up to 2 cm. in diameter, were in the femoral triangle. Large clots 
were aspirated from the superficial femoral and profunda branches. The common 
femoral vein was ligated above the entrance of the profunda. The saphenous was 
also tied because of involvement at its orifice, but tied proximal to the entrance of the 
superficial epigastric vein so that a continuous superficial channel was left, running up 
to the epigastric system. Postoperatively, the patient did well; and when seen two 
months later he had no swelling or leg symptoms despite the extensive ligations on the 
left. He never developed any roentgenologic evidence of pulmonary emboli. 
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This patient is of interest in that he was the only one of many who re- 
ceived injections into ankle veins, who developed saphenous phlebitis. 

DISCUSSION 

From time to time it became necessary to perform femoral vein punctures, 
either to get blood for study, or to give intravenous infusions in patients in 
whom other veins were not available. This was done in seven patients (Cases 
13, 40, 32, 27, 34, 23, and 8) ; in only one did thrombosis develop (Case 8), 
and there was such a long interv^al between the femoral vein puncture and the 
development of the thrombosis, that it is probable that there was no connection 
between the two. One of the patients (Case 13) is of especial interest because 
she had at least eight femoral vein punctures as well as extensive septic burns 
on both legs. She never developed any evidence of pulmonary infarction. 
Examination of the calf veins was impossible due to the overlying burns. 

The presence of burns or sepsis in the legs does not seem to predispose to 
thrombosis providing, of course, that the sepsis does not progress to the point 
of involvement of the larger blood vessels. However, lesions on the legs 
may be an indirect cause of venous complications if tight circular bandages 
are used which obstruct and distend the venous system distal to them. Of 
the five patients in this group with thromboses, only two had leg burns. 

CONCLUSIONS 

It is felt that patients who have been severely burned are prone, in a rather 
high percentage of cases, to develop thrombo-embolic phenomena from the veins 
of the legs. Constant vigilance must be exercised particularly in relation to 
prevention. The position of the patient in bed, and mobilization in bed with 
measures taken to ensure adequate I'enous circulation, are important factors 
in preventing thrombosis and embolism. When leg signs are positive, or 
evidence of pulmonary infarction is present, the treatment of choice is im- 
mediate ligation of the involved veins. 
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Fig 4S — Nitrogen balance and caloric in 
take of Case 6 , a girl iiith pulmonary damage 
and no surface burns Sbe required oyjgcii 
therapy for five days She was afebrile through 
out One unit of plasma was given on the 
first day. 


Fig 49 — Nitrogen balance and caloric intake of 
Case 37 , a man with moderate pulmonarj damage 
and mild burns He receiied four units of plasma 
III the first 4S hours 


cortex does activate such a conversion. Whether overactivit}' of the adrenal 
is responsible in shock in the human being for an increased production of 
sugar is not yet established. The observed increased excretion of 17-keto- 
steroids through the kidney following a burn or other trauma is in keeping 
with the concept of increased activity of the adrenal cortex.^’ " The rela- 
tion of the 17-ketosteroids to protein and carbohydrate metabolism ap- 
pears to us to be still unsettled. Testosterone, which is the secretion of 
the interstitial cells of the testis and the end-product of which is excreted in 
the urine as a 17-ketosteroid, causes a retention of nitrogen when injected 
into a eunuch or a normal man or woman.® Such action on nitrogen balance 
is the reverse of a conversion of protein to glucose. If the adrenal cortex 
also secretes steroids which are excreted in the urine as 17-ketosteroids, is 
the action of these adrenal steroids like that of testosterone? 
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It is probable that the cortex of the adrenal is also a source of 17- 
ketosteroids. This is based on several clinical observations: First, these 
steroids are found in the urine of both man and woman; there is more in 
man than woman, but the difference disappears if the man is castrated.” 
Second, there is a diminished excretion of these steroids in the urine of 
patients with Addison’s disease; in women with this disease there may be 
little or none.^” (In Addison’s disease, spontaneous hypoglycemia is some- 
times encountered indicating an inadequate conversion of noncarbohydrate 
substances to glucose). Third, patients with a functioning tumor of the 
adrenal cortex excrete an increased amount of 17-kctosteroids. Removal of 
the tumor is followed by an abrupt drop in the amount excreted. (Some of 
the patients in the presence of the tumor have an elevated blood glucose with 
sugar in the urine, intimating an increased production of glucose from non- 
carbohydrate sources) , 

The theories regarding 1 7-ketosteroids and the adrenal cortex have been 
further complicated by the suggestion that the cortex secretes two types of 
hormones. One is a testosterone-like hormone, or “N” hormone, which 
causes retention of nitrogen, while the other, the “S” hormone, causes con- 
version of protein to sugar and, therefore, a loss of nitrogen.”’ The “N” 
hormone is supposedly excreted in the urine as a 17-ketosteroid, while the 
“S” is not and is determined only on biologic assay. In the burned patient 
it is suggested that the adrenal cortex at first puts out an excess of both 
“N” and “S” hormones but later only the “S”: further, that a subsequently 
diminished output of “N” hormone, recorded as a decreased 17-keto- 
steroid excretion, represents a phase deleterious to wound healing, and 
that injection of testosterone might be beneficial.” 

Such conflicting theories suggest premises based upon inadequate ob- 
servations. It is possible that the chemical test which identifies the 17- 
ketosteroids is measuring steroids with differing physiologic properties. 
Investigation is needed. 

Another problem is that of the source of the increased nitrogen excreted 
following the burn. It has been held that the nitrogen comes from the 
burned cells. It might, however, come from the plasma protein or some 
other noncellular storehouse of nitrogen. In the previous article on the 
care of shock, the possibility is discussed that the plasma proteins, which have 
seeped out into the extracellular spaces of the burned area, are excreted by 
the kidney when resorbed through the lymphatics into the general circula- 
tion. It is possible that these proteins are in some way denatured and are, 
therefore, no longer utilizable by the body rvhen resorbed. Since the protein 
concentration of the edema fluid of the burned area is high owing to the 
abnormal capillary permeability induced by the burn, the excretion of such 
protein would mean a considerable loss of nitrogen. 

If the increased nitrogen excreted comes from cells, there should be a 
parallel excretion of other substances contained in cells, such as potassium 
and phosphate. If it comes from plasma protein, these cellular parallels 
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Fig. $ 2 . — Potassium balance, with nitro- Fig. 53. — Potassium balance, with nitrogen balance 

gen balance curve for comparison, in Ca-se curve for comparison, in Case 37 (same case as Fig- 
6 (same case as Figures 48 and 57). ures 49 and 58). 


would be missing. As far as we are aware, no studies of potassium and 
phosphate balance have been made in patients following burns. 

In view of the conflicting evidence regarding the adrenal cortex and 
shock, it was decided to study in human burn shock the relations of 17- 
ketosteroid excretion to nitrogen metabolism, and of nitrogen to cellular 
metabolism. , ’ , ' ' j 

EXPERIMENTS 

Various aspects of metabolism were studied in 29 of the 39 victims of 
the Cocoanut Grove fire treated at the Massachusetts General Hospital. 
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Fig. 54- — Potassium balance, with nitrogen balance curve for comparison in Case 20 (same case as Figures 50 and 62). 
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excretion. It is a little higher during the first week, generally, than in 
later weeks. 

The level of nitrogen excretion was higher in the males than in the 
females. This is in keeping with the diflferences in size and caloric require- 
ments of the sexes. The extent of the skin burns did not influence the level 
of nitrogen excretion in either sex. Thus, of the four males with complete 
nitrogen balances. Case 37, with minor burns, showed the lowest excretion; 
Case II, with the most extensive burns, and Case 29, with moderate burns, 
were in the middle, and Case 36, also with moderate burns, was highest. 
Cases 29 and 36 had almost identical anatomic areas involved, but the burns 
of Case 3O showed more infective organisms, and the initial grafts failed, 
in part, to survive, 

Pofassitiiii Balance. — Potassium balances were measured in six of the 
seven surviving patients with the comiilete nitrogen balance (Figs. 52-55). 
The patients were essentially in potassium balance throughout, but all 
exceptions should be mentioned. Case 37 (see Fig. 6) on the second day 
was in negative balance. In the two patients whose potassium balance 
charts are not shown (Cases 13 and 32), there was a positive potassium 
balance which was presumalily due to the whole blood transfusions which 
these patients received. 

The absence of a negative potassium balance, with the one exception noted, 
suggests that the nitrogen excreted in excess of the intake in the early days 
did not occur as a result of cell destruction. 

Calcium and Phosphorus E.vcreiion. — The excretion of calcium and phos- 
phorus was measured in the urine of one patient (Case 36), (see Fig. 56). 
In view of the calculated intakes of these two substances in the diet, the 
output of both is within the expected level of normal. The fecal calciums 
were not measured, so a complete balance was not determined. The injury, 
or the rest in bed, was without apparent effect on the urinary excretion of 
these substances. 

17 -Ketosteroid Excretion. — The urinary excretion of 17-ketosteroids has 
been measured in 23 patients. The method of determination is described 
elsewhere.^^’ The determinations were continued throughout the hospital 
stay, and in some instances after discharge. During the first week, assays 
were carried out daily, and thereafter at intervals of two to three days. 

The data of eight typical patients are presented in Figures 57-64. The 
selection of the patients for illustration was based primarily on the length 
of the study and the severity of the injury which they had received. All 
had nitrogen and six had potassium studies in addition.* 

* Normal values for 17-ketosteroicls in this laboratory range between 6 to 15 mg. 
per 24 hours in females, whereas, the range in the male is from 10 to 20 mg. Values at 
either extreme are unusual in our experience. In the same normal individual the daily 
fluctuations are not more than 25 per cent from the average of consecutive assays, 
and frequently are much less. Hence, marked variations in output are considered 
significant. 
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Fig. 57. — 17-ketosteroicl excretion with Fic. 58. — 17-ketosteroid e.xcretion with nitro- 

nitrogen balance for comparison, in Case 6. gen balance for comparison, in Case 37. fSee 
(See also Figures 48 and 52.) also Figures 49 and 53.) 


The levels of the 17-ketosteroicl excretion are all high normal or above 
normal range for each sex during the first three to seven days after injury. 
Following this there is a precipitous drop to low normal or subnormal out- 
puts. This decrease was found in all but a few patients who had the mildest 
injuries, or who were discharged from the hospital before such a drop could 
have been noted. Thereafter, except for occasional fluctuations, especially 
in the male patients, the 17-ketosteroid excretion remains at a relatively 
low level for a long period. In several, a rise to an average normal level 
did not occur until six weeks had elapsed (Figs. 63 and 64). In others 
this is not apparent until later (Figs. 60 and 62). In two women the levels 
are still low 113 days after the injurj'^ (I^igs. 59 and 61). In general, the 
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balance (with the exception of one day in a single patient). The nitrogen 
lost, therefore, was presumably not at the expense of cellular protein. 

These results are at some variance with what we had been led to expect 
from the observations of others.-' ^ It is obvious that extensive deep burns 
are not necessarily accompanied by a large loss of nitrogen in the urine. 
We have, therefore, wondered what factors other than the burn itself might 
be involved. One thing which was clear, was the absence of invasive infection 
in the wounds of these patients. Infections such as typhoid or pneumonia 
cause a loss of nitrogen. At the moment, we ascribe the maintenance of 
the nitrogen balance of these patients to the relative lack of infection, or, in 
other words, to the effectiveness of the chemotherapeutic program. Cer- 
tainly, the simplified method of treating the burned surfaces did not lead 
to tissue destruction and protein loss. (See article on Surface Treatment). 

A factor which has been reported to influence the nitrogen balance is 
adrenal cortical activity. It is well recognized that the cortex of the adrenal 
gland is disturbed following severe burns. A patient, studied recently at this 
hospital, following acid burns, died on the twenty-sixth day of extensive 
infection. The adrenal cortices were found at postmortem examination to 
have hypertrophied. On the other hand, acute adrenal cortical necrosis is 
known to occur, and was obseiwed in two of these patients (Cases 7 and 
27) who died on the third day. (See article on Pathology). 

It is possible that the changes in 17-ketosteroid excretion observed in 
these patients reflect alterations in adrenal cortical function. The rise of 
excretion of these steroids in the first days after the burn would mean an 
increased activity and the subsequent decline, a depression. It has been 
suggested that the decline of 17-ketosteroid excretion after injury is due to 
preferential formation of the “S” hormone by the gland. An increased excre- 
tion of cortin-like (non-17-ketostcroid) hormone has been determined by 
the biologic method.® The decline in 17-ketosteroids could also be due 
to inability of the gland to secrete because of either anatomic or physiologic 
deficiency. 

What emerges from the present studies is the constancy of the pattern 
of 17-ketosteroid excretion which follows this type of injury. In all patients 
in Avhom there was more than minimal damage, either in the form of pul- 
monary inflammation or surface bum, the excretion of 17-ketosteroids in 
the urine was initially at a high level, almost certainly above normal, to be 
followed by an abrupt decrease to a low level. This subnormal level remained 
until the patients had recovered. 

This pattern does not follow all injuries or burns. For example, the 17- 
ketosteroid excretion of the patient mentioned who was found to have 
hypertrophy of the adrenal cortex following acid burns, showed normal levels 
throughout the 26 days of his survival. It is possible that other patterns 
will be found. It should also be pointed out that the urinary 17-ketosteroids 
represent only excretory products and that these may not be a direct index 
of secretion or utilization of the precursor. At the present time, all that can 
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Fig. 62. — 17-ketosteroicl e.xcretion, with nitrogen balance for conipari>iOii, in Case 20. (See also Figures 50 and 54.) 
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be said is that the relation of 17-ketosteroids to adrenal cortical function and 
the relation of both to nitrogen metabolism have not been settled. 

Amenorrhea in the female patients was expected, but hirsutism in the 
presence of a low 17-ketosteroid excretion was not. Ordinarily, women with 
hirsutism have an excretion level at least in the upper limits of normal, 
if not elevated, as in those with true virilism due to tumor.^^ There are 
two possible explanations: Either utilization of masculinizing hormone was 
increased in these j^atients ; or the activity of the hormone present was un- 
inhibited by a relatively low concentration of ovarian hormone. A situation 
similar to this latter possibility exists frequently after the spontaneous 
menopause or after castration.^"* 

No evidence was disclosed suggesting that the administration of testos- 
terone would be beneficial to patients following burns per se. Nitrogen 
equilibrium was obtained readily without it, even in the severely burned. The 
greater growth of abnormal hair, which presumably would have occurred had 
testosterone been injected, would have represented a further androgenic- 
estrogenic glandular imbalance. It is still theoretically possible that in patients 
depleted by prolonged sepsis and malnutrition, with specific testicular and 
adrenal cortical insufficiencies, testosterone therapy might be indicated. In 
like manner adrenal cortical therapy might prove useful. 

SUMMARY AND CONCLUSIONS 

Metabolic studies were carried out on 29 of the 39 victims of the Cocoa- 
nut Grove disaster treated at the Massachusetts General Hospital. A com- 
plete nitrogen balance was obtained in nine patients, and a potassium balance 
in six of these. The excretion of 17-ketosteroids in the urine was measured 
in 23 patients. In one the calcium and phosphorus excretion was determined. 

In many patients, in the first week, there was a moderate negative nitro- 
gen balance. For the same periods in these patients there was a caloric 
intake inadequate for maintenance. Nitrogen equilibrium was easily estab- 
lished Avhen the caloric and nitrogen intakes were increased. The level of 
nitrogen excretion was fairly constant from day to day and was not altered 
by a rising protein intake; it was, however, less in later weeks than during 
the first week. 

The level of nitrogen excretion bore no relation to the severity of the 
burn, but males excreted more than females. It is believed that the moderate 
nitrogen loss encountered Avas due to the relative absence of invasive 
infection. 

Potassium equilibrium was maintained. The source, therefore, of the 
nitrogen lost during the period of negative nitrogen balance was non- 
cellular protein. 

The 17-ketosteroid excretion was elevated during a period corresponding 
to the negative nitrogen balance. After this first week it fell off abruptly to 
a low level. During this period the nitrogen excretion, however, did not 
change. The eventual return of the 17-ketosteroid excretion to normal 
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Fig. 63. — 17-ketosteroid excretion, iiitli nitrogen balance for comparison, in Case 29, a man nitb moderate pulmonary damage 
and severe burns of head and hands, comparable to Case 36. 
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Fig. 64. — 17-ketosteroid e.xcretion, with nitrogen balance for comparison, in Case 36. (See also Figures 51, 55 and 56.) 
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simultaneous with the return to good health. The relation of the 17-keto- 
steroid excretion to nitrogen metabolism and to adrenal cortical activity 
was not settled. 

An abnormal growth of hair was encountered in the six women hospital- 
ized for more than three weeks, despite the low 17-ketosteroid excretion 
levels. 

The ease with which nitrogen equilibrium was obtained, and the ab- 
normal hair growth in the women, do not suggest testosterone as a routine 
therapy for patients following burns. 
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Extent of Burn: First degree: fnce, nares, lips. 
Second degree: Elbow. Total: 3.5%. Slight in- 
halation burn. 

Plasma Therapy: None. Blood Pressure: Re- 
mained normal. Laboratory Data: Maximum hem- 
atocrit was 55% at 37 hours, with a plasma pro- 
tein of 8.7 gm. Blood remained concentrated for 
seven days. All other determinations were normal. 

Clinical Course: Burns healed within two 
weeks. Pulmonary Complication: Patient contin- 
ued to have respiratory difficulty, with symptoms 
similar to those of asthma. Relieved by adrenalin 
and steam inhalations. Subsequent Transfusions: 
None. 

Chemotherapy: Sulfadiazine continued until 
fourteenth day. Penicillin: None. Operations: 
None. 

Discharge: On fifteenth day, condition _ good. 
Follow-up on thirty-second day: No respiratory 
symptoms, normal examination of chest. 

Case 6. — Female, age iG; Patient remembers 
inhaling hot smoke and being trampled upon in 
the confusion before she lost consciousness. 

Condition on Arrival: She was iinconscious, in 
mild shock, was hoarse, and had rapid respirations. 

Extent of Burn: Second degree: finger. Total: 
0.5%. Inhalation bums. 

Plasma Therapy: One unit in the first 24 hours. 
Blood Pressure: 80 systolic recorded at fifth hour, 
normal after plasma. Laboratory Data: Maxi- 
mum hematocrit was 50% at 56 hours. Blood 
potassium on fifteenth day was 5.4 m.Eq. Ar- 
terial punctures on third and fifth days (see 
article on Shock). Sletabolic observations re- 
corded in article. 

Clinical Course: Burn healed promptly. Pul- 
monary Complication: Increasing respiratory diffi- 
culty required oxygen therapy and aniinophyllin 
during the first three days. Roentgenogram 
showed collapse of both lower lobes. Patient 
improved over the next three weeks, coughing up 
occasional plugs of mucus. On discharge the lungs 
were essentially normal. Subsequent Transfusions: 
None. 

Chemotherapy : Sulfadiazine continued until 
twenty-fourth day. Penicillin: None, Operations: 
N one. 

Discharge: On twenty-fourth day, condition re- 
lieved. 

Case 7 . — Male, age 29. History could not be 
obtained. 

Condition an Arrival: Patient was maniacal, 
uncontrollable, vomiting. Blood pressure 120/70. 
Evidence of smoke inhalation. Paraldehyde (4 
cc. i.v.) given, successful in controlling hyper- 
activity. 

Extent of Burn: Second and third degree: Face, 
hands, scalp. Total: 11%. Inhalation burn. 

Plasma Therapy: Three and 2/5 units on first 
day. Blood Pressure: Continued normal. Labora- 
tory Data: Highest hematocrit rs'as 53% at 15 
hours. Blood chlorides reached 118 m.Eq, at 37 
hours. All other determinations, including blood 
potassium of 4.1 m.Eq. on first day, normal. 

Clinical Course: Paraldehyde necessary to con- 
trol patient. Pulmonary Complication: Tracheal 
rales developed. Aminophylline administered. 
Tracheotomy performed 24 hours after admission. 
Roentgenogram of the chest on the second day 
showed atelectasis. Put in oxygen tent. Early 
morning of third day temperature rose to 107° 
F, with respirations gasping and labored but with- 
out any obstruction at tracheotomy. Pulse which 
had risen to iGo dropped to 90 and became weak 
and thready. Blood pressure stiJI 100/70. Died 
shortly thereafter. Subsequent Transfusions: 
None. 

Chemotherapy: Sulfadiazine throughout the 
first day. Operation : Tracheotomy 24 hours after 
admission. 

Discharge: Died early on third day. Postmor- 
tem roentgenograms showed pulmonary edema and 
trapped air in the left lung. (Autopsy: See ar- 
ticle by Mallory and Brickley.) 

Case 8. — Female, age 29. History was not 
obtained. 


Condition on Arrival: Conscious, moderate 
shock, cyanotic. 

Extent of Burn: Second degree: Face, neck, 
arms, hands, back, legs. Third degree: Hands, 
arms, shoulders, forehead, back. Total: 29.1%. 
Inhalation burn, (See color section. Fig. 12.) 

Plasma Therapy: Four units on first day, four 
units on second day. Blood Pressure: Down to 
95/70. Laboratory Data: Highest hematocrit 
65% at II hours, fell rapidly to_ 50% at 15 
hours. Developed moderate anemia, Jlctabolic 
observations recorded in article. Had elevated 
NPN on seventeenth day (see article on Shock). 

Clinical Course: Abnormal growth of hair on 
face, thick on cheeks; also noted on extremities. 
Catamenia absent. Pulmonary Complication: De- 
veloped marked hoarseness and rhonchi. Atelec- 
tasis by roentgenogram on fourth day, trapped air 
on third day. Chest signs persisted by roentgeno- 
gram for eleven days. Vital capacity 51% on 
tenth daj'. On twenty-eighth day patient developed 
signs of pulmonary infarct, confirmed by roent- 
genogram; leg veins ligated. Subsequent Trans- 
fusions: Four of whole blood. 

Chemotherapy : Sulfadiazine for first 48 days. 
Penicillin from sixth through thirty-ninth days. 
Operations: Bilateral superficial femoral vein li- 
gation, twenty-eighth day; no clots found. Split- 
thickness skin grafts to hands, arms and fore- 
head on thirty-ninth day. 

Discharge: On sixty-third day to Physical 
Thcrajiy, healed. 

Case 9 . — Female, age 22. Patient was not 
burned but inhaled considerable smoke and fumes. 
AVhen she reached the outside she began to vomit 
as she coughed, and became unconscious for a few 
minutes. 

Condition on Arrival: Conscious, no shock, 
coughing. 

Extent of Burns: None, except inhalation. 

Plasma Therapy: None. Blood Pressure: Nor- 
mal. 1-aboratory Data: Blood chloride nV m.Eq. 
on second day.’ Other determinations normal. 

Clinical Coursc.-Pulmonary Complication: Pa- 
tient developed cough and ’ moderate^ expectora- 
tion of mucoid sputum; chest examination and 
roentgenogram negative. Discharged in two days. 

Subsequent Transfusions: None. 

Chemotherapy: None. Operations: None. 

Discharge: ( 3 n second day, condition improved. 

Case 10 . — Male, age 24. Patient sprained ankle 
getting out of fire. 

Condition on Arrival: Patient was conscious, 
in no shock, had no respiratory difficulty. 

Extent of Burns: First degree: Face. Total: 

1%. 

Plasma Therapy: None. Blood Pressure: 
Normal. Laboratory Data: Hematocrit 54% on 
second day. Other 'determinations normal. 

Clinical Course: Roentgenogram of left ankle 
showed no evidence of fracture; ankle was 
strapped. Patient had no other clinical complaints. 
Pulmonary Complication: Roentgenogram of chest 
was normal. Subsequent Transfusions: None. 

Chemotherapy: Sulfadiazline continued unfil 
second day. Penicillin: None. Operations: None, 

Discharge: On second day, condition good. 

Case 11. — Male, age 24. Patient arrived at 
the Cocoanut Grove about 20 minutes before the 
fire started. Standing near the stairway, he saw 
flames coming up the stairs. He was pushed by 
the crowd away from the sorrree of the fire. 
Eventually he fell to the floor. He remembers 
nothing after that until he arrived at the hospital. 

Condition on Arrival: Shock impending. 

Extent of Burns: Seeond degree: Face, neck, 
arms, hands, back, legs. Third degree: Arm, 
hand, back, shoulder, knee. Total: 29%. Inhal- 
ation burns. 

Plasma Therapy: Nine units on first day. 
Blood Pressure: Normal at first and soon after 
reaching the ward the patient was taken off shock 
blocks. About three hours after admission, signs 
of shock set in, the blood pressure falling as low 
as 82/56. Shock treatment was reinstituted. Lab- 
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oratory Data: Highest hematocrit reading was gro\vth of hair . occurred on all extremities. Cata- 

64% at 12 hours, dropping slowly to 56% at 45 nienia absent. Pahnonary Complication: Lungs 

hours, and 45% at 67 hours. Jllood potassium were clear by roentgenogram on the first day, evi- 
and other determinations normal e.xcept for mild deuce of trapped air appeared on the second day. 

anemia. Metabolic observations recorded in ar- Course thereafter was stormy. Atelectasis and 

tide. trapped air were still visible in the lungs after 

Clinical Coursc.-Piilmonary Complication: Pa- 119 days. Subsequent Transfusions: Twenty-five 
tient developed Cheyne- Stokes respiration and whole blood transfusions. 

hoarseness, with hronchial breath sounds, no rales. Chemotherapy : Sulfadiazine given for first 28 

mild cough. Chest remained clear by roentgeno- days. Penicillin : From sixth through forty-first 

gram. Vital capacity was ySTo on seventh day. day. Sulfadiazine again given from thirty-fourth 

Subsequent Transfusions: One of whole blood. through one_ hundred and fortieth day. Oper- 

Chemothcrapy: Sulfadiazine for first 28 days. ations: Incision and drainage of chest abscess on 

Penicillin from sixth through twenty-eighth day. twelfth day. Amputation of fingers, rt. hand, on 

Sulfadiazine again from thirty-eighth through thirty-third day. Skin grafts to legs on seventy- 

forty-fourtli days. Operations: Skin graft to fourth day. Skin grafts to right hand, forehead, 
right hand and arm, left upper arm and right scalp and chest wall on eighty-eighth day. Skin 

knee on thirty-eighth day. Ligation of right su- graft to right leg on one hundred and tenth day. 

perficial femoral vein on forty-first day, no clot Skin grafts to legs and scalp on one hundred and 
found. Ligation of left su lerfici.al femoral vein twenty-fourth day. 

on sixty-ninth day. clot found. Skin graft to back Discharqe : One hundred and forty-third day. 
on eiglity-fourth day. Only small unhealed areas remain. 

Discharge : On one hundred and third day, 

healed, to Physical Therapy. Case 14 . — l^lale, age 29. Patient saw a sheet 

of flame burst out near the bar. Heavy smoke 
Case 12 . — Male, age 23. History not obtained. appeared after the lights went out. Patient 

Condition on Arrival: In marked shock, no breathed through his hands and only got a few 

cyanosis, but rales at the right base and burned whiffs of fumes. He got near the door and was 

nostrils. Denuded burned surfaces were cherry- pulled out by somebodj', he thinks three or four 

red color; (exposed mucous membranes were cov- minutes after the first flash. 

ered with soot). Condition on Arrival: Fair, conscious, no im- 

Extent of Burns: Second and third degree: mediate sliock, rales at lung bases. 

Face, scalp, neck, cars, hack, hands. Estimated Extent of Burns: Second degree; Face, hands, 
total: 19%. I nhalation burns. Total: 7%. Inhalation burns. 

Plasma Therapy: Five units in first 24 hours. Plasma Therapy: Four units on first day. Blood 

Blood Prfjriirc: ' Remained normal. Laboratoty Pressure: 130/80 four hours after admission. 

Data: Maximum hematocrit was 61% at six Laboratory Data: Maximum hematocrit was 57% 

hours, dropping to 51% at 23 hours. _ at 17 hours. All other determinations were 

Clinical Coursc.-Pulmonary Complication: Pa- normal, 

tient developed considerable edema of the neck Clinical Course: Condition remained _ good, 

and remained semiconscious and very restless dur- burns remained clean. Pulmonary Complication : 

ing the first day. After 27 hours, chest roent- Vital capacity 83% on seventh day. Lungs 

genogram having been negative at 12 hours, pa- cleared rapidly. Subsequent Transfusions : None, 
tient rapidly developed upper respiratory oh- Chemotherapy: _ Sulfadiazine until discharge, 
struction and, despite immediate emergency trach- Operations : Ligation of left long saphenous vein 
eotomy, died. Subsequent Transfusions: None. _ on ninth day, no clot found. 

Chemotherapy: Sulfadiazine on first day. Peni- Discharge: On twelfth day to Fort Banks Hos- 
cillin: None. Operation: Tracheotomy on second pital, with burns incompletely healed, 
day. Discharge: On second day, dead. 

Case 15 . — Male, age 30. Patient was seated at 
Case 13 . — Female, age 20. Patient was stand- a table in the Melody Lounge, heard cry of 

ing near the telephone booth when she saw flames “fire” and walked across stage. Lights went out, 

sDread over the ceiling. She tried to run to smoke became heavy. Patient lost consciousness, 

the main entrance, which was nearby, hut was woke up in the street being given artificial res- 

knocked down and trampled on by tlie crowd. piration. _ 

The smoke was very thick and made her cough. Condition on Arrival: Conscious and respon- 

The crowd kept her from getting out the main sihle, no shock, respirations regular and easy, 

entrance so she tried to get out through another Extent of Burns: First degree: face. Second 

door which she knew existed near the orchestra degree: Knee. Total: 4%. Slight inhalation 

stand, in the opposite direction. She was knocked burns. 

down three more times and felt the flames hissing Plasma Therapy : None. Blood Pressure : Re- 
on her legs. She fell to the floor and thereafter mained normal. Laboratory Data: Hematocrit 

remembered nothing more until her fifth day in highest at 52% at 37 hours. All other deter- 

the hospital. minajions normal. 

Condition on Arrival: In profound shock, la- Clinical Course: Burns remained clean. Pul- 

bored respirations, cyanotic, voice hoarse, pulse monary Complication: Minor chest signs devel- 
150, temperature 94° F. oped. Vital capacity 102% on seventh day. 

Extent of Burns: Second degree: Face, neck, Cheinotherapy : Sulfadiazine until discharge, 

scalp, back, arms, hands, legs. Third degree: Operations : None. 

Face, neck, scalp, back, arms, hands, legs. Total: Diseharge: On tenth day, healed. Returned on 

.‘16%. Inhalation burn. (See colored photographs, thirty-fourth day to Psychiatric Service; commit- 
Fig. ii). ted suicide eight days later (see article by Cobb 

Blasma Therapy: Seven units on first day, two and Lindemann). 
units on second day. Blood Pressure: Burned 

areas prevented taking this during eaily days. Case 16 . — Male, age 58. Patient was knocked 
Laboratory Data: Highest hematocrit 53% at 10 down, trampled on, and inhaled a considerable 

hours. Arterial puncture on fourth and fifth days amount of thick, black oily smoke. He was 

(see article on Shock). Metabolic observations pulled out of the building within a few minutes 

recorded in article. of the start of the fire. 

Clinical Course: Both saphenous veins were Condition on Arrival: Conscious, not in shock, 
cannulated at the ankles and fluid run in rapidly. coughing considerably but color good. ' 

Showed _ marked restlessness. General condition Extent of Burns: Second degree: Face, neck, 
rapidly improved. The wound of a sternal trans- hands. Total: 5.5%. Slight inhalation burn, 
fusion became infected. The patient developed Plasma Therapy: One unit in first 24 hours, 
psychiatric disturbances. After the major areas Blood Pressure : Remained normal throughout, 

of burn had been grafted, patient’s general con- Laboratory Data: hfaximum hematocrit 54% at 

dition improved further and her psychiatric dis- 37 hours. Blood chloride 115 m.Eq. on fourth 

turbance entirely cleared up. Abnormal heavy day. All other determinations normal. 

961 



PROTOCOLS 


Clinical Course: Burns healed uneventfully 
1 uhnonary Comtlication : Respiratory diffieulty 
raju^dly eleared. Subsequent Transfusions: None. 

Chcniothcrapy : Sulfadiazine continued until 
uvelfth day. Penicillin from si.xth to eighth days 
Operations: None. 

Discharge: On twelfth day, burns of left hand 
clean but not healed; healed by si.x weeks. 

Case 17 .— Female, age 43. In the confusion of 
the hre patient was knocked to the floor and was 
trampled by several people. She held her breath 
in order to avoid inhaling fumes, and was quickly 
led from the budding by a fireman. 

Condition on Arrival: Conscious, no shock, nor- 
mal breathing. 

Extent of Burns: Second degree: Face, hand 
ann, shoulder. Total: 9%. Inhalation burns.’ 
(race and hand dchrided, cleansed and 5 per cent 
sulfathiazole ointment applied). 

Plasma Therapy: One unit on second d.ay. 
Blood Pressure: Remained normal throughout. 
Laboratory Data: Maximum hematocrit was s’% 
at 37 hours. Sulfadiazine level of bleb fluid was 
2.2 mg. on seventh day; simultaneous blood level 
was 4.6 mg. Earlier sulfadiazine levels ranged 
from 9.1 mg. at sixth hour to 4.0 mg. at thirty- 
seventh hour. 

Clinieal Course.-P uhnonary Complication: No 
respiratory symptoms but for the first two days 
had a few rales. Lungs entirely clear on dis- 
charge. Subsequent Transfusions': None. 

Chemotherapy: Sulfadiazine continued until 
twdfth day. Penicillin: None. Operations: None. 

Discharge: On twelfth day, burns of arm clean 
but not healed; healed at two weeks. 

Case 18 . — Female, age 42. Patient was in the 
balcony and tried to run from the flames when 
she lost consciousness. On coming to she was 
beneath a pile of bodies, and was pulled out by 
her leg.s. 

Condition on Arrival: Conscious, no shock, no 
respiratory difficulty. 

Extent of Burns: First and second degree: Face 
and hand. Total: 3.5%. Slight inhalation burns. 

Plasma Therapy: One unit in first 24 hours. 
Blood Pressure: Normal throughout. Laboratory 
Data: Maximum hematocrit was 46% at 8 hours. 

Clinical Course: Burned areas remained clean. 
Pulmonary Complication: Patient developed slight 
productive cough which gradually decreased. 
Chest examination was normal on discharge. Sub- 
sequent Transfusions : None. 

Chemotherapy : None. Operations: None. 
Discharge: On sixth day, burns clean, healed. 

Case 19 . — ]\;rale, age 42. Patient was in the 
main balcony, saw a flash of flames and thick 
smoke. He made his way downstairs with his 
fingers to his nostrils, and was pushed ahead by 
the throng. He remembers only taking one or two 
full breaths. Thereafter he recalls nothing. 

Condition on Arrival: Conscious, evidence of 
smoke inhalation. 

Extent of Burns: Second degree: Face, hands, 
scalp. Total: 5.5%. Severe inhalation burns. 

Plasma Therapy: Four units in first day. 
Blood Pressure: Remained normal. Laboratory 
Data: Maximum hematocrit 59% at 37 hours. 
Blood sulfadiazine level ranged from 5.5 mg. 
down to zero on seventh day on wliich day b.eb 
fluid level was i.o mg. 

Clinical Course: The burns were a minor prob- 
lem. Pulmonary Complication : Developed wheez- 
ing and other chest sounds a few hours after 
admission. Developed into severe bronchial 
asthma. Roentgenograms showed lobar emphysema 
with small areas of atelectasis on first day. 
Treated with adrenalin and aminophylline. Grad- 
ually improved. Chest roentgenogram still showed 
evidence of some trapped air in the eighteenth 
week. Subsequent Transfusions : None. 

Chemotherapy: Sulfadiazine for first eight 
days. Penicillin sixth through twelfth days. Op- 
erations: Attempted tracheotomy on fourth day. 
not accomplished because of massie edema of 
neck. 

Discharge: On thirty-second day, healed. 
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tise 38. Patient’s history 
Arrival: Shock impending, cya- 


Case 20. — Female, 
was not obtained. 

Condition on 
notic. 

Extent of Burns: Second degree: Face neck 
back scalp, arms, hands. Third degree - ’ArmT 
ands shoulders Total: 26.6% (see color s^c- 
to)' Inhalation burn. 

Three units on first day 
Blood Pressure: Above too systolic throughoiu 
Lflboia/o;y Data; Alaximum hematocrit ss% at 

t t da^-' .F 7 nuEq! on 

f ‘T' -‘^‘’■fodiazine 10. o mg., with 
'"«• seventh dav. Ate a 
bohe observations recorded in article. ' 

‘'‘"'’'•'f' General condition satisfactory 
of ^pl arvnx^’^^Ab’’'''^''''' of burns 
on rile tips, chin, and extremities. Absent c-itn. 
menia. Pulmonary Complication : Respirations' la 
bored with productive cough. Respiratory emb-w 
rassment increased, with Iracheal r.aUle^ Lamm 

geiT°theranv constant o.xy- 

became 

Chest 
Subsc- 

ChcmoVwyr'snlffi 

'^‘^ding to agranulocytosis (see article by "Lyons) 
cSi'"Trh foctiefhlajas. 

eratious Tracheotomy on th rd day Srlit thiei 



w iitf, 'S"‘ 

finger; tracheotomy wound I.eMecb 

Extent of Burn: None. 
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nofXaiiml'^^’'’'"’ ^•''‘'ent’s history was 

siderabt'difficufu-''”;"'-' T°derate shock, eon- 

color of denuded burned surffi?es°"\r 
bnanes were charred and sooty ' 

neck, ^han'ds. ' Total ■^'^1°'^ degree: F,ace, scalp, 
burns. ' Severe inhalation 

Pre-isurc: ^'emmned^ norm^/* '7* Blood 

M.a.ximum hematocrit 56% ai 3 

m.aS%per ''r;?pif ^o’>‘PBeatiou : For 

h.ad to be'^performeci at 

tory distreis apparently more marYmr'- 

tion; continued desnite ^ ^ PP'ra- 

and oxygen therapy. P.-ufe^rsImvl“'"f"a”y”"’^ 



on first day. 'operation . i 1 acheotoniy 

Discharge: On first day. dead. 

in Melody L^ungl^L^YIn ^fire ^stert'ed 

hot but she did not inSe n ucl J 
her face.. She did not lose cons’eioi sness 
was wearing a heavy coat with a fur c^V t ^ 
was dragged to safety. collar. t,lie 

Condition on Arrival: Shock iitino'.a' 
respiratory difficulty. nipending, pQ 

E.vtent of Burns: Second degree: Face, neck. 
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hands, knee. Third degree: neck, hands. Total: 
11%. Slight inhal.ation burns. 

Plasma Therapy: Four units on first day. 
Blood Pressure: Did not go below 105/60. Lao- 
oratorv Data: Maximum hematocrit 61% at 17 
hours.' Secondary anemia with hematocrit of 24% 
and plasma protein of So Gin. on thirty-ninth 

Coiirjc; Transitory mental confusion 
with restlessness. Abnormal growth of hair oc- 
curred on face, forearms and legs. There has 
been a patchv loss of this hair since return of 
catamenia. Pulmonary Oompiicaxtou : _ Minimal 
chest signs, chest roentgenograms remained neg- 
ative. Vital capacity was 75% on seventh day. 
Subsequent Transfusions: Three of whole blood. 

Chemotherapy: Sulfadiazine for first 12 days; 
developed drug fever. Penicillin sixth through 
fourteenth days, and again twenty-first through 
twenty-ninth days. Operations: Skin graft to 
both hands on thirty-seventh day; complete loss 
of both grafts. Skin graft to both hands and 
wrist on fifty-second day; partial take. Skin 
graft to right hand on sixty-ninth day. 

Discharae: On eighty-third day, healed, to 
Physical Tlicrapy. 

Case 24. — ^^alc, age 29. Patient remembers no 
details. 

Condition on Arrival: Conscious, in no shock, 
slightly cyanotic. 

Extent 'of Burns: First and second degree: 
Face, neck, nostrils, tongue. Total: 2%. 

Plasma Therapy: None. Blood Pressure: Re- 
mained normal. Laboratory Data : None. 

Clinical Course: Patient disch.argcd approxi- 
mately 20 hours following the fire with no com- 
plaint’s e-xcept difficulty in sw.allowing. 

Chemotherapy: None. Operations: None. 
Discharge: On first day to Fort Hanks Hos- 
pital, condition apparently good. 

Case 2S. — ^^ale, age 46. No history obtained. 
Condition on Arrival: Extremely hyperactive. 
Respiratory embarrassment required intermittent 
oxygen. Shock impending. Cherry-red color of 
denuded burned surfaces, mucous membranes 
charred and sooty. 

Extent of Burns: Second and third degree: 
Face, scalp, hands, arms, back. E'stiinated total: 
8%. Severe inhalation burns. Corneal burns. 

Plasma Therapy: Five units on first day, one 
on second. Bloo'd Pressure: Remained normal. 
Laboratory Data: Maximum hematocrit S7%_ at 
3 hours, dropped to 48% at 17 hours. Terminal 
rise in NPN to 64 mg., terminal blood potassium 
4.2 m.Eq. 

Clinical Course.-Pulmonary Complication : Rest- 
lessness became extreme. Respiratory embarrass- 
ment increased, required constant oxygen ther- 
apy. Marked hoarseness, unable to swallow. Roent- 
genogram. See article by Schatzki. Paradoxical 
pulse developed. 

Chemotherapy: Sulfadiazine for two days. Op- 
erations: None. 

Discharge : On second day, dead. (Autopsy: See 
article by hlallory and Brickley.) 

Case 26. — Male, age 36. Patient was sitting^ at 
a table directly in front of the stage. On seeing 
the fire he headed toward the kitchen in the 
rear. He went down a short flight of stairs and 
found himself outdoors. He then reentered to 
search for the rest of his party, and following 
this remembered nothing until his arrival at the 
hospital. Patient covered his face with a water- 
soaked napkin and tried to keep close to the floor. 

Condition on Arrival: Fair, with shock impend- 
ing. No respiratory embarrassment. Shivering. 

Extent of Burns: Second degree: Face, hands. 
Total 2.5%. Inhalation burns. Corneal burns. 

Plasma Therapy: One unit on first day. Blood 
Pressure: 80 systolic on arrival, rose in’ one-half 
hour to normal and remained so. Laboratory 
Data: Maximum hematocrit 52% at 17 hours. 
Blood potassium 4.3 m.Eq. on both first and sec- 
ond days. All other determinations also normal. 
Chnieal Course: General condition remained 


good. Pulmonary Complication : Lungs remained 
clear until second day when some rales dev'el- 
oped. Roentgenograms' of the chest on the first 
and second days were negative. On the third day 
some atelectasis and trapped air were seen, and 
were still present on the eighteenth day. Vital 
capacity 56% on tenth day. Subsequent Trans- 
fusion: None. 

Chemotherapy: Sulfadiazine for first 12 days. 
Drug fever and rash developed. Operations: 
None. 

Discharge: On twenty-first day, chest clear and 
burns completely healed. 


Case 27. — Female, age 18. History was not 
obtained. 

Condition on Arrival: Manic and hysterical, in 
moderate shock, considerable difficulty with res- 
piration. 

Extent of Burns: Second and third degree: 
Face, arms, back, buttocks, hands. Total: 22%. 
Inhalation burn. 

Plasma Therapy: Eight units in first 24 hours, 
five units second and tliird days. Blood Pressure: 
Dropped to 80/60 soon after admission, gradually 
rose. Laboratory Data: Maximum hematocrit was 
56% at 3 and ii hours (see Fig. 47, article on 
Shock). 

Clinical Course: Acute dilatation of the stomach 
was relieved_ by aspiration with a catheter. 
Adrenal cortical extract was given. Pulmonary 
Complication : Continued to have respiratory dif- 
ficulty, requiring artificial respiration and oxygen 
administration. Aminophylline was given for the 
bronchiolar obstruction without effect. Dev'eloped 
paradoxical pulse. She rapidly failed and on the 
third day_ died of pulmonary failure. Subsequettt 
Transfusion: None. 

Chemotherapy; Sulfadiazine continued until 
death. Operation: None. 

Discharge: On third day, dead. (Autopsy: See 
article by Mallory and Brickley.) 


Case 28. — Female, age 26. Patient was sitting 
in Melody Lounge; saw the palm tree catch on 
fire. When the fire spread across the ceiling she 
tried to run up the stairs_ but the flames burned 
her back. She breathed in a lot of smoke and 
fumes, fell and became unconscious. 

Condition on Arrival; Shock impending. Had 
minimal hoarseness. 

Extent of Burns: Second degree: Face, neck, 
back, hands, arms. Third degree: Back, hand, 
arm. Total: 24.5%. Corneal burn. Inhalation 
burn (see color section. Fig. 16). 

Plasma Therapy; Eight units on first day, two 
on second day, one on third day. Blood Pres- 
sure: Dropped to 80/55 on first morning, prompt 
return to normal. Laboratory -Data: -MvLyiimum 
hematocrit was 64% at ii hours. Blood potassium 
was 3.7 m.Eq. on second day. Bleb fluid sulfadia- 
zine was 6.7 mg. and blood level 6.6 mg. on fifth 
day; on the sixth day bleb fluid level 6.0 mg., 
and seventh day blood level 4.0 mg.; on the 
twelfth day bleb fluid 4-9 mg., with blood levels of 
4.1 mg. on tenth day and only smallest possible 
trace_ on fourteenth day. 

Clinical Course: Abnormal growth of hair oc- 
curred on arms and legs, slight on face. Absent 
catamenia. Pulmonary Complication: Breath 
sounds somewhat diminished on left. Roentgeno- 
gram negative. Subsequent Transfusion: One 
whole blood on sixteenth day. 

Chemotherapy: Sulfadiazine for first 12 days. 
Drug fever and rash developed. Penicillin given 
from sixth through twenty-eighth days. Oper- 
ations: Skin graft to hand and arm on fifty- first 
day. 

Discharge: On sixty-seventh day, completely 
healed except for small spot on back; subse- 
quently healed. To Physical Therapy. 

Case 29.--MaIe, age 40. Patient was in the 
new bar when the fire started. When on his 
way to the door sa^y a sheet of flame and smoke. 
He was pulled out by a fireman, fainted and re- 
covered consciousness on arrival at the hospital. 


963 



PROTOCOLS 


Sliock impending, few 


CoHdilioii on Arrival; 
rales in the chest. 

Extent of Burns: Second degree: Face, ears, 
sea p, hands, arms. Third degree: Hands, arms 
scalp. Total 12.5%. Inhalation burn (sec col- 
or section. Fig. 15). 

Plasma Therapy: Six units on first, and one on 
second days. Blood Pressure: Normal. Labora- 
tory Data: Maximum hematocrit 61% at 10 
3II determinations were normal. 
Lhmeal Course.-Putmonary Complieation : Small 
areas of atelectasis developed in the right chest 
as shown by roentgenogram from fourth to elev- 
enth days. Vital capacity 79% on seventh day, 
No^^ tenth day. Subsequent Transfusion: 

Chemotherapy: Sulfadiazine for first 28 days 
lenicillin from twenty-second through twenty- 
eighth days Operations: Skin graft to left hand 
on twenty-third day. Skin graft to right hand on 
thirty-fifth day. 

Diseharge: On fortieth day, healed, to Physical 
Therapy. 

Case 30 . — Female, age 24. Patient was in the 
mam room opposite the stage; saw people running 
from the main entrance followed by thick clouds 
of smoke. She saw no flame. She escaped through 
the kitchen. The smoke was very had. After 
having fallen to the floor she was dragged by her 
husband through a window. She lost conscious- 
ness partially. 

Condition on Arrival : Good, some evidence of 
smoke inhalation. 

Extent of Burns: No surface burns. Slight 
inhalation burns. 

Plasma Therapy: None. Blood Pressure: Nor- 
mal. Laboratory Data: Hematocrits normal. 
Blood chloride level was slightly elevated for 
four days; otherwise all determinations were 
normal. 

Clinical Cetirse: Had nausea and vomiting, 
headache. Pulmonary Complieation: Developed 
moist rales in chest. Chest remained clear by 
roentgenogram. 

Chemotherapy: Sulfadiazine on first day only. 
Operation : None. 

Discharge: On si.xth day, condition good. 

Case 31 . — Male, age 27. Patient was exposed 
to smoke for about 25 minutes while dragging 
his wife and other people out of the fire. He be- 
came unconscious and was carried across the 
street where he regained consciousness in a few 
minutes; took a taxi to the hospital. 

Condition on Arrival: Good, calm, no respira- 
tory difficulty, covered with soot. 

Extent of Burns: Second degree: Lips, nare.s 
Total: 0.5%. 

Plasma Therapy: None. Blood Pressure: Nor- 
mal. _ Laboratory Data: None. 

Clinical Course: General condition remained ex- 
cellent. Pulmonary Complication : Developed 
some coarse rhonci, rales in the chest, and 
coughed up smoky mucus. 

Chemotherapy: None. Operation: None. 
Discharge: ( 5 n first day to Fort Banks Hospital. 

Case 32 . — Female, age 35. History not obtained. 
Condition on Arrival: Profound shock, uncon- 
scious, with stertorous breathing. Cherry-red 
color of burns and mucous membranes. 

Extent of Burns: Second degree: Face, hand, 
forearm. Total: 6%. Severe inhalation burns. 

Plasma Therapy: Si-x units on first day, two on 
second, and three on third. Blood Pressure: Re- 
turned to normal after first three units of plasm.a. 
Laboratory Data : Hematocrit was never above 
normal but varied between 29 and 40% for first 
four days; arterial blood oxygen content 10.0 
vol. % on third day; whole blood transfusions 
were given. Plasma protein was never below 6.9 
gm. Blood potassium was 3.2 m.Eq. on first 
day. Prothrombin time was prolonged on fourth 
day. Blood chloride was 121 m.Eq. on second 
day. Van den Bergh was 7.3 mg. on seventh day. 

Clinical Course: The burns were a minor prob- 
lem. Was extremely restless, given paraldehyde. 
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nfte^f Remained unresponsive and 

often had a sen.seless grin on her face. Psvehia- 
tne consultant felt that there was severe cert 
bral damage whieli was irreparable. Pulmonarv 
Complication: Oxygen given immediately ' Cya^- 
nosis increased .'ind tracheotomy was performed 
Roentgenogram showed areas of atelectasis frorri 
first to seventeenth days. Subsequent Transfu- 

hZd lltet ' ' 

C/icmof/ierapy; Sulfadiazine for first 13 davs 

Tr?et,’ twelfth days. OperatiZ- 

rraclieotomy on second day. i canon. 

Discharge: On sixty-seventh d.ay, burns healed 

evidence 

Of central nervous system damage present. 

‘*3. Historv not obtained 
oxygen Arrival: Very Jioor; required 

Second and third degree- 

Face, hands, chest, back, abdomen, legs ^sti- 

mated total: 30%. Severe inhalation burns 

B/nlT"‘p Rour units in first 12 hours 

Blood Pressure: Normal. Laboratory D^a- 

Henmtocrit was 58% .at 3 hours. ^ ' 

Complication: Res- 
piration and color remained poor. Coarse moist 
rales were present throughout lungs. Given cora- 
mine and aminophylline without avail. 
None?”''’^^''^™^'’ once. Operation: 

Discharge: 13 hours after injury, dead. 


34 .— Female, age 40. History 


not ob- 


Case 
tained. 

Condition on Arrival: Profound shock uncon 

ha'f f d^Xe^^ 

’ i^e !nf,!alat?^^°"b;?;;;, 

Eight units in first dav 
dZ^- obtainable. Laboratori 

adr^e^.ri‘'‘'eor‘ircar'’extr^cr renZlZw ’’Toe P''"" 

remaiitirp^oor " """"" -‘PUt Conll^'i;^;; 

nf-^r'None’;""-'- S'"f=''bazine first day. Oj-er- 
D’seharge: 26 hours after admission, dead. 

30 ^or%!^{ 7 e^ 7 rom\i^/,‘*^-.i "'as seated 

-she saw a flash of flam ^ '0 ®tairs when 

She ran in the oonosbo fl- "P ‘be stairs, 

face with her hat '^'''ootion, covering her 

was filled with clioking fuom 

consciousness. ^ -moke and then she lost 

sho^k"‘^breathing b-’uconscious, in mild 

/Sal'S F-o. hand. 

""it in first 24 hours. 

8 hours and was thereaft. i" 

i'ff-'-i.mum hematocrh w."s° 43 v' 

Blood chloride was ii6 rriVn 
determiimtions were normaf^’ 

hufSInShr-fi^^hTpariem t ber 

mental disturbance Aftho'uvh VnrtT^ “Pg'^ marked 
tion and psychi.atric care I,./ bospitaliza- 

left the hospital against ad\4re^ advised, patient 
glication: MiM Pulmonary Com- 


respiratory. 


difficulty cleared 
continued until 


plication: Miid 
within a week. 

• Chemotherapy : Sulfadiazine 
ninth day. Operation: None 

re.-^Jf^f“dTp^;es?i"on.‘^"‘'’ b-- bealed. with 

floor. Heat and smlke'^troifwed"him''mosr" h| 
^rsthrrg'houL'^^''""’- conicio'us! 
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Condition on Arrival: Conscious, breath sounds 
were (iiininishcd at the right liase, cyanotic. 

Extent of Burns: Second degree : Face, scalp, 
neck, ears, hands. Third degree: Hands. Total: 
S. 5 %. Corneal and inhalation burns. 

Plasma Therapy: Five units on first day, two 
on second. Blood Pressure: Konual. Laboratory 
Data: Maxinuuu hematocrit was 59% at 12 hours. 
Mct.abolic observations arc given in article. _ 

Clinical Course. - Pnlnwnary Cutnplicatwn : 
Jlarked lioarseness with diminution of breath 
sounds. Small areas of atelectasis by roentgen- 
ogram from fourtli to eleventh days. Vital ca- 
pacity 70% on tenth day. .Subsequent Transfu- 
sions: One whole blood. _ 

Chemotherapy : Sulfadiazine for first 12 days. 
Penicillin si.xtii through thirtieth days. Oper- 
ations: Skin graft to both hands on twenty- 
fourth and thirty-fifth days. Left superficial 
femoral vein ligation on forty-seventh daj’, loose 
clot evacuated. 

Discharqc: On fifty-eighth day, burns healed, to 
Physical Therapy. 

Case 37 . — Male, age 52. Patient saw the room 
on fire suddenly, reached for .a coat from the 
wall and covered his face. While struggling in 
the crowd he lost consciousness. 

Condition on Arri-val: Unconscious, cold, 
trembling, breathing deeply and steadily, not in 
shock. 

E.rtent of Burns: Second degree: F.'ice, neck, 
hand. Total: 3%. Corneal and inhalation burns. 

Plasma Therapy: Three units in first 24 hours, 
one on second day. Blood Pressure: Remained 
normal. Laboratory Data: Maximum hematocrit 
was 56% at 37 hours. Blood potassium was 3.5 
m.E(|. on first day. All other determinations \ycre 
normal, ^fetabolic observations recorded in article. 

Clinical Course: Because of feeling of depre.s- 
sion and anxiety over the death of Ids wife he 
had to be transferred to psychiatric service (or 
two days before discharge. Pulmonary Complica- 
tion : Within few hours developed cyanosis, 
cough, and showed r.ales in both lungs. Respir- 
atory difficulty cleared during the next week. 
Subsequent Transfusions: None. 

Chemotherapy : Sulfadiazine continued until fif- 
teenth day. Operation : None. 

Discharge : On seventeenth day, burns healed, 
lungs normal. 

Case 38 . — Male, age 36. Patient was at the 
main bar, saw smoke and flame coming up from 
downstairs. lie was caught in a mob and carried 
in the direction of the new cocktail room; the 
smoke was severe. He was led downstairs by the 
crowd and into a small room from which there 


was no exit. He lay down for 15 to 30 minutes.; 
When no fire reached him he got up and climbed 
over bodies lying about. He heard .somebody 
shout, “Here’s a nian who is still alive.’’ He 
was pi\t in a taxi .-md brought to the hospital. 
He never lost consciousness. 

Condition on Arrival: Shock impending, no 
respiratory difficulty. 

E.rtent of Burns: Second degree: Face, neck, 
.scalp, back, hand, leg, foot. Third degree: Ankle. 
Total: 21.5%. Inhalation burns. 

Plasma Therapy: Six units on first day, one 
on .second, one on third. Blood Pressure: Re- 
mained normal. Laboratory Data: Maximum 
henialoerit was 63% at 6 hours. Blood potassium 
was 4.1 m.Eq. and 4.5 m.Eq. on fir.st day, 4.5 
ni.Eq. on second day. IJlcb fluid sulfadiazine level 
was 7.4 mg. on seventh day with simultaneous 
blood level of 6.4 mg. Blood level had been 9.5 
mg. on fourth day. Had elevated NPN (see 
article on .Shock). 

Clinical Course: Nausea and vomiting for six 
days. Pulmonary Complication : No pulmonary 
symptoms or signs. Roentgenogram negative on 
second day. Small areas of atelectasis and small 
amount of trapped air by roentgenogram from 
.fourth to eleventh days. Vital cajiacity 62% on 
seventh day. Subsequent Transfusions: None. 

Chemotherapy' : .Sulfadiazine for first ii days. 
Penicillin from fifth through eleventh days. Op- 
erations: None. 

Discharge : On fourteenth day to Chelsea Naval 
Hospital, chest clear, burns unhealed. 


Case 39 . — Female, age 31. Patient was sitting 
in the gallery, fire appeared on opposite side. The 
lights went out, air was full of thick smoke. 
Patient fell with people on top of her. She 
struggled downstairs, semiconscious, water sprayed 
on her. Somebody carried her out. 

Condition on Arrival:^ Profound shock, respir- 
atory embarrassment, with scattered rhonchi. 

E.rteut of Burns: Second degree: Face, hands. 
Total: 4%. 

Plasma Therapy: Two units on first day. Blood 
Piyssure: Systolic 90-99 for short period, other- 
wise normal. Laboratory Data: Maximum hema- 
tocrit 40% on first day." Elevated blood chloride, 
120 m.Eq., at 37 hours. All other determinations 
normal. 

Clinical Course: Improved rapidly. Pulmonary 
Complieatiou : Minor chest signs. Roentgenogram 
showed evidence of some trapped air from third 
to tenth days. Subsequent Transfusion : None. 

Cbcmotticrahy ; Sulfadiazine for first nine davs. 
Operations ; None. 

Discharge: On tenth day, burns healed, chest 
clear. 
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